ports NOT CIRCULATE 


VOLUME 99 NUMBER 6 


BULLETIN of the 
JOHNS HOPKINS HOSPITAL 


THE PUBLICATION OF THE MEDICAL SCHOOL AND HOSPITAL 


SUPPORTED BY THE DE LAMAR FUND OF THE JOHNS HOPKINS UNIVERSITY 


(VERSE 
MICHIGAN 


December, 1956 


Lethal Midline Granuloma (Granuloma Gangraenescens) at Au- 
topsy. Report of a Case and Review of Literature. 
GERALD 8S. SPEAR AND WILLIAM G. WALKER, JR. 


A Study of End-Plate Potentials. I. Observations of an Effect by 
Histamine. F. WaGLry 


Some Problems Relating to Staphylococcal Infections. A Compari- 
son of Mouse-Virulence with Other Properties. 
A. Murray FisHer Barsara W. THOMPSON 


A Mechanism of Bradycardia in the Fetal Lamb in Utero. 
M. 


Book Reviews 


Index to Volume XCIX 


PUBLISHED MONTHLY 


THE JOHNS HOPKINS PRESS, Baltimore-18, Maryland 


Made in United States of America 


Copyricut, 1957, sy THe Jouns Hopkins PReEss 


> 

‘ 

Ti 
185 

“hy 
357 
— 362 
369 
| 
= 


PROBENECID 


To restore your gouty patient to an active life, 
prescribe BENEMID. It ‘‘...does 


1. have a pronounced uricosuric effect 
decrease serum uric acid 
decrease the miscible pool of uric acid 
stop or decrease acute attacks in most in- 
stances 
have a wide margin of safety 
return many invalids to gainful occupa- 
tion.’ 


When BENEMID is used in chronic gout, 
“...clinical results...have been unequivo- 
cally gratifying.’’? 


References: 1. Mod. Med. 23:107 (Nov. 15) 1955. 2. J.A.M.A. 154:213 


(Jan. 16) 1954. 
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LETHAL MIDLINE GRANULOMA (GRANULOMA 
GANGRAENESCENS) AT AUTOPSY 


Report OF A CASE AND REVIEW OF LITERATURE 


GERALD S. SPEAR anp WILLIAM G. WALKER, JR. 
Department of Pathology, The Johns Hopkins University School of Medicine 


Received for publication June 18, 1956 


Lethal midline granuloma is a progressive, ulcerative, gangrenous lesion of 
the nose, face, palate and sinuses which is of unknown etiology and is, insofar 
as can be judged, almost uniformly fatal. Death is generally due to hemor- 
rhage, meningitis or cachexia. The typical histological picture is described in 
detail in the present report. 

The literature is very difficult to interpret since many of the reported cases 
have not manifested a uniform clinical pattern, many have lacked any kind of 
histologic confirmation, many were not studied at autopsy, and the microscopic 
descriptions of many of those studied at autopsy are often cursory in nature 
and raise considerable doubt as to whether some reported cases are not in fact 
other disease entities. The first report of lethal midline granuloma is generally 
attributed to McBride (1), but his report includes virtually no microscopic 
description. Since McBride’s report (1), clinically typical cases, studied at 
autopsy, have been reported under a variety of names (2-27), but only 6! 
have been found which were completely studied at autopsy—with microscopic 
examination of all organs—and which were described in great enough detail to 
allow one to feel that these were in fact cases of lethal midline granuloma. It is 
for this reason it is felt that the presentation of a case with systemic lesions, 
carefully studied at autopsy, is in order. 


CASE REPORT 


F. A., (History No. 713001), a 43 year old white male salesman, was admitted to the 
Johns Hopkins Hospital for the first time on August 10, 1955, on the service of Dr. Abraham 
Genecin, for evaluation of sinusitis, nasal discharge and fever. 

The patient had suffered from recurrent sore throats and sinusitis for an unknown num- 
ber of years and in 1951, at the age of 39, had a tonsillectomy without benefit. As a conse- 
quence of penicillin therapy in 1951, he developed urticaria. In the fall of 1954, at the age of 
42, the patient noted the onset of recurrent episodes of severe nasal congestion with copious 
thick, yellowish nasal discharge and fever. In December of 1954, he was described as having 
a “severely infected and incrusted nasal mucosa.” Biopsy from “‘. . . ulcerated areas . . . in the 
nasopharynx”’ revealed “‘. . . non-specific chronic inflammation.” In January of 1955, the 
epiglottis, arytenoid and true vocal cords were “inflamed,” and there was “. . . thick drainage 
on (the) cords.” Various types of therapy were utilized with but temporary effect, including 
multiple antibiotics, corticosteroids, transfusion and irradiation to the thyroid (300 r). As 


1 Refs. 5, 6, 9, 12, 14, 19 (case 2). 
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a consequence of chloromycetin therapy he again developed urticaria. In May of 1955, a 
furuncle is said to have developed in the lateral wall of the right nasal vestibule which 
“gradually seemed to work its way through to the outside” and was allegedly removed by a 
physician. Thereafter, nasal congestion and crusting became intense, and the septum became 
necrotic. Biopsy of the septum was performed on July 20, 1955: 

Microscopic report: “. . . edematous fibrous tissue containing a few acini . . . surrounded 
by a dense infiltrate of neutrophils, lymphocytes and plasma cells. . . .”” Diagnosis: ‘Piece 
of nasal septal cartilage with necrotic and inflammatory changes.” 

The patient had lived for a number of years, as a child, in the San Joaquin Valley region 
of California and had had frequent nosebleeds, as well as measles, mumps and typhoid fever, 

It was with the history of recurrent sinusitis, persistent nasal discharge and fever that the 
patient first presented at the Johns Hopkins Hospital on August 10, 1955. 


Physical Examination: Temperature 102°F. (rectal), pulse 100, respiratory rate 16 
and blood pressure 122/84. 

The patient was a robust, youthful appearing man who spoke with a nasal voice, and 
who breathed noisily through stuffed nostrils. The face was somewhat flushed and there were 
scattered “cherry angiomata”’ on the skin. There was a large perforation of the nasal septum 
converting the nose virtually into a single cavity. The nasal mucosa was markedly inflamed 
and thickened, and there was thick, foul-smelling, purulent yellow secretion and crust for- 
mation. The soft palate was fiery red. There was no enlargement of cervical lymph nodes. 
The liver edge was palpated 1-2 fingerbreadths below the costal margin. The remainder of 
the examination was essentially normal. 

Laboratory Findings: Hematocrit 41.8 per cent, white blood count 5,200 (with normal 
differential), platelets normal on smear. Serologic test for syphilis negative. Stool examina- 
tion and urinalysis normal. Non-protein nitrogen, phosphorus, calcium, serum proteins, 
bilirubin, cholesterol, alkaline phosphatase and fasting blood sugar normal. Cephalin floc- 
culation, thymol turbidity and bromsulfalein tests normal. First strength PPD negative. 
Coccidioidin skin test very slight reaction, blastomycin skin test one plus, histoplasmin skin 
test three plus. Complement fixation for Histoplasma negative. Agglutinin titrations for 
Brucella, P. tularensis, S. paratyphosa A, S. paratyphosa B and S. typhosa H negative. 
Agglutinin titrations for S. typhosa O 1/40, Proteus OX-2 1/20 and Proteus OX-19 1/40. 

Cultures of throat and nasopharynx on admission: hemolytic Staphylococcus aureus. 
Culture of nasal secretions for fungus on admission: one colony Candida albicans. Cultures 
of nose, throat and nasopharynx after six days of erythromycin therapy: light growth of 
normal flora. Blood cultures on admission: negative. 

X-rays of sinuses: compatible with marked chronic sinusitis. Bite-wing films: no abnor- 
mality in hard palate. X-ray of chest: normal. 

Course: The patient was treated with Neo-Cortef nose drops and 800 mg. of erythromycin 
a day. Initial fever (with readings as high as 103.6° F. (rectal)) abated and the temperature 
thereafter remained normal. The nasal discharge diminished and the nasal mucosa was 
markedly improved. He was discharged on August 23, 1955. 


Several weeks after discharge, erythromycin was discontinued and there was an imme- 
diate relapse. During September, there developed redness, swelling and tenderness of the 
tissues under the left eye and over the left side of the nose, and there developed, in addition, 
red, raised skin lesions with a tendency to ulcerate and crust. One such (from the abdomen) 
was biopsied on September 16: There was a diffuse, dense infiltration of the dermis and sub- 
cutaneous fat with mononuclear cells, in the main lymphocytes, plasma cells and occasional 
macrophages. In the dermis, the cells tended to aggregate around sweat glands, hair follicles, 
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nerves and blood vessels. No arteritis, tubercles or giant cells were seen. Bacterial stains were 
negative. 

Cultures of the skin lesion (both routine and fungus) were negative. 

On October 14, examination of the larynx was normal. 

The patient was admitted to the Johns Hopkins Hospital for the second time, for re- 
evaluation, on October 24, 1955. 


Physical Examination: Temperature 99° F. (rectal), pulse 76, respiratory rate 16 
and blood pressure 120/70. 

The patient was a well developed, well nourished man who spoke with a nasal voice. On 
the lateral aspect of the right thigh was an erythematous, indurated lesion measuring about 
6.0 cm. in diameter, the center of which was dry and crusting. A similar, smaller lesion was 
present on the medial aspect of the right thigh. Superiorly, on the lateral aspect of the right 
thigh, was a moderately firm subcutaneous mass measuring 4.0 by 5.0 cm. in diameter, over 
which the skin was intact, but red and warm. There was a small subcutaneous mass in the 
left popliteal space. Over the left side of the bridge of the nose was a firm, slightly tender, 
erythematous swelling, over which was a small crust. There was a large perforation of the 
nasal septum and there was crust formation and marked thickening of the mucous membrane. 
The remainder of the examination was essentially normal. 

Laboratory Findings: Hematocrit 43.5 per cent, white blood count on October 27: 
4550 (Juvenile neutrophils 25 per cent, Segmented neutrophils 38 per cent, Eosinophils 
1 per cent, Lymphocytes 23 per cent and Monocytes 13 per cent), white blood count on 
October 28: 7300 (Juvenile neutrophils 21 per cent, Segmented neutrophils 64 per cent, 
Lymphocytes 10 per cent, Atypical lymphocytes 1 per cent and Monocytes 4 per cent), 
platelets normal on smear. Serologic test for syphilis negative. Stool examination and uri- 
nalysis normal. First and second strength PPD negative. 

Blood cultures: negative. Culture of throat on admission: Beta-hemolytic Streptococcus, 
group A. Culture of throat after 2 days of erythromycin therapy: light growth normal flora. 

X-ray of chest: normal. 

Biopsy of nasal septum: There was marked distortion of the specimen and rather exten- 
sive necrosis. There was marked infiltration of the nasal mucosa with mononuclear cells, 
including what appeared to be lymphocytes, monocytes and plasma cells. 

Course: Essentially normal on admission, the temperature rose as high as 105° F. (rectal) 
shortly after biopsy of the nasal septum, returning to normal immediately after institution 
of therapy with meticorten. On meticorten (60 mg. daily), furthermore, the para-nasal swell- 
ing and nasal congestion diminished, and the skin lesions decreased in size. The patient was 
discharged, considerably improved, on November 2, 1955. 


For a brief period after discharge, the patient did well, receiving 30 mg. meticorten daily. 
In time, however, the skin lesions increased in size, and there now developed extreme hoarse- 
ness, severe sore throat, pain on swallowing and fever. On December 8, the left arytenoid 
and the left false and true cords appeared ‘“‘to be brilliantly inflamed and probably ulcer- 
ated.’’ On December 14 and again on December 16, 1955, x-ray therapy (150 r on each date) 
was administered to the skin lesion on the inner aspect of the right thigh. 

The patient was admitted to the Johns Hopkins Hospital, for the third time, on Decem- 
ber 17, 1955. 


Physical Examination: Temperature 101.2°F. (rectal), pulse 130, respiratory rate 20 

and blood pressure 125/75. 
The patient was a well developed, well nourished, but chronically ill and fatigued man, 
who spoke in a whisper and breathed noisily. The face was puffy, particularly about the eyes 


5,8 
hich 
va 
ame 
ded 
iece 
rion 
ver, 
the 
16 
and 
ere 
um ¢ 
ned 
or- 
les. 
of 
nal he 
na- 
ns, 
ve. 
kin 
for 
ve. 
40). 
us. 
3 
res 
of 
or- 
in he 
ire 
‘as it 
1e- 
n) 
b- 
al 


316 G. S. SPEAR AND W. G. WALKER, JR. 


and nose, and there was diffuse erythema of the face, neck, upper thorax, arms and hands, 
Indurated, erythematous, crusted lesions were present on the lateral and inner aspects of 
the right thigh and in the left popliteal fossa. There were subcutaneous nodules below the 
inguinal ligaments bilaterally and on the right buttock. There was swelling bilaterally along 
the bridge of the nose, and there was apparent absence of the nasal septum with a large 
amount of yellow-gray, crusted material in the common nasal cavity. There was erythema 
of the posterior pharynx. The remainder of the examination was essentially normal. 

Laboratory Findings: Hematocrit 40.1 per cent, white blood count 3000 (Juvenile neu- 
trophils 40 per cent, Segmented neutrophils 38 per cent, Lymphocytes 17 per cent, Atypical 
lymphocytes 2 per cent, Monocytes 3 per cent), platelets 80,000. Stool examinations and 
urinalysis normal. 

Cultures of throat and nasopharynx: pneumococcus and B. pyocyaneus. Culture of throat 
for fungus: negative. Culture of nose: B. pyocyaneus. Culture of nasal septum for fungus: 
Candida albicans. Acid-fast stain of nasal discharge: no acid-fast bacilli seen. Culture of 
aspirate from non-ulcerated lesion of right thigh: negative. Culture of aspirate from ulcerated 
lesion of right thigh: non-hemolytic Staphylococcus albus. Blood cultures: negative. 

X-rays of chest: normal. 

Biopsy of skin lesion on lateral aspect of left thigh: The subcutaneous fat was infiltrated 
by mononuclear cells with little or no visible cytoplasm, in part lymphocytes, but in part 
cells with large, pale or hyperchromatic nuclei of varied shapes. In several instances, these 
cells tended to surround and infiltrate the walls of small blood vessels, and there was occa- 
sional, focal, smudgy vascular necrosis. 

Course: The patient’s course was characterized by high, spiking fever, progressive swell- 
ing of the face and para-nasal region, periods of breathlessness, and periods of apnea and 
irrationality. X-ray therapy was administered to the larynx (a total ‘tumor dose”’ of 200 r) 
on December 20 and 21, and to each side of the nose (150 r) on December 22. One week 
before death, the left side of the larynx was completely fixed, “very much inflamed and 
deeply ulcerated.’”” On December 27, 1955, respirations became labored and noisy, then 


ceased. 


Autopsy: J.H.H. 26197. The body was that of a well developed, well nour- 
ished white male, weighing 81.0 kg. and measuring 191.0 cm. Shallow, crusted 
ulcerations were present on the medial (about 3.0 cm. 5.0 cm.) and lateral 
(about 5.0 cm. X 7.0 cm.) surfaces of the right thigh. The fat beneath these 
lesions was pink and indurated. There was a large ecchymosis in the soft tissues 
of the right flank. There was a well-healed operative scar in the right lower 
quadrant. On the dorsal surface of the right forearm, there was an 0.8 cm. 
white patch, bordered by spots of brown pigment. 

The cheeks and nose were puffy, and the nasal vestibules were lined by 
yellow-gray crusts. The cartilaginous portion of the nasal septum was virtually 
completely destroyed; the remaining mucous membrane was in part thickened 
and in part necrotic. The posterior wall of the nasopharynx consisted of ne- 
crotic tissue covered by yellow-gray pus. The soft palate and uvula were blue- 
gray, but their mucosae appeared intact. There was thickening of the mucous 
membranes of the sphenoid, ethmoid, left frontal and right maxillary sinuses. 
Purulent material was seen in the ethmoid, left frontal and left sphenoid sinuses. 
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The bony walls of all sinuses examined were intact. The orbits, inner and 
middle ears were normal. 

Arising from the left border of the epiglottis was a granular, friable, ulcerative 
lesion which extended along (and partially destroyed) the posterior surface of 
the base of the epiglottis on the left side and the left aryepiglottic fold, gradu- 
ally merging with a greatly thickened and nodular left false vocal cord and a 
slightly less thickened and nodular left true vocal cord (Fig. 1). The lesion did 
not appear to involve contiguous extra-laryngeal tissues. 

There was an estimated 50 cc. of fluid in the pericardial cavity. The heart 
weighed 400 gm. and appeared normal. There was mininal arteriosclerosis in 
the aorta. 

There was an estimated 100 cc. of fluid in the right pleural cavity; there were 
no pleural adhesions. The lungs together weighed 1600 gm. Located predomi- 
nently in the lower two-thirds of both lungs were depressed purplish patches 
measuring up to several cm. in greatest dimension, which on cut section were 
seen to extend up to a cm. into the lung tissue. There was profuse red-black 
liquid in the bronchi, and all vessels appeared patent without thrombosis. 

The abdominal cavity contained no fluid. The liver weighed 2300 gm. The 
light brown parenchyma was uniformly speckled with somewhat darker brown 
dots and streaks. 

The spleen weighed 700 gm. and was soft and friable. There were fine, 
fibrous adhesions between the spleen, diaphragm and neighboring peritoneum. 

The esophagus, stomach, and intestines were normal except for absence of 
the appendix. There were thin, fibrous adhesions between the ascending colon 
and the transverse colon, and the peritoneum about the caecum was thick and 
white. 

The gall bladder, extra-hepatic biliary ducts, portal vein, pancreas, adrenals, 
kidneys, bladder, prostate, seminal vesicles, epididymides and testes were 
normal except for a medium-sized hydrocoele. 

The cervical, axillary and iliac lymph nodes were not enlarged. 

The leptomeninges were clear and delicate and the brain was normal. 


Microscopic Examination: While the individual features of the typical lesions 
in this case were by no means specific or uniform, the overall pattern of the 
various lesions was, nonetheless, distinctive. The characteristic cellular infil- 
trate which was observed in the nose, nasopharynx, sinuses, trachea, larynx, 
lungs, skin and iliac lymph nodes consisted of lymphocytes, plasma cells, 
monocytes, macrophages (containing vacuoles, nuclear debris and ingested 
round cells), epithelioid cells, large cells resembling lymphoblasts or myelo- 
blasts, large cells with large, irregular, hyperchromatic (at times multilobate) 
nuclei, large cells with large, regular, pale (at times multilobate) nuclei, exactly 
like some forms of Reed-Sternberg cells, and small cells in mitosis (Figs. 2-6). 
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In virtually all lesions there was focal, smudgy necrosis of occasional small 
arteries, arterioles, capillaries or venules, which was not accompanied by inflam- 
matory reaction (Figs. 7-9). In most lesions, there were eosinophilic, granular 
thrombi in small arteries, arterioles, venules or capillaries, and generally there 
was extensive necrosis (Figs. 11, 12). Polymorphonuclear leukocytes were rare, 
foreign body type giant cells were found only in the iliac lymph nodes, and there 
were no tubercles. No organisms were seen in any lesions in hematoxylin and 
eosin, periodic-acid Schiff, Brown and Brenn, Kinyoun’s acid fast or Giemsa 
preparations, except for the contaminants mentioned below. 

Sections of the nasal tissues in some areas showed non-specific chronic inflam- 
mation, and in other areas the characteristic, variegated cellular infiltrate 
described above (Fig. 4). There were also smudgy necrosis of occasional arterial 
and capillary walls (Fig. 8), granular, eosinophilic capillary thrombi, extensive 
hemorrhage and necrosis, and colonies of gram-negative and gram-positive 
bacteria among the necrotic fragments. 

Sections of the naso-pharynx showed the most extensive and vivid infiltration 
of the mucous membrane with the characteristic, variegated cellular infiltrate. 
The infiltrate invaded the subjacent striated muscle and infiltrated venules, in 
some instances penetrating completely into the lumen. Particularly striking 
was the large number of macrophages that contained nuclear debris and round 
cells. There were also hemorrhage, necrosis and colonies of gram-negative and 
gram-positive bacteria on the surface of the lesion. 

Sections of the ethmoid, left frontal and right maxillary sinuses showed non- 
specific acute and chronic inflammation. 

Sections of the sphenoid sinuses, likewise, showed non-specific acute and 
chronic inflammation, with this important addition: focal aggregations of the 
characteristic cellular infiltrate described above tended to abut against and to 
surround occasional, small, thin-walled veins. In some such areas, the connec- 
tive tissue sheaths about the veins were smudgy and densely eosinophilic. 

Sections of the larynx, in some areas, showed the characteristic, variegated 
cellular infiltrate described above (Figs. 2, 3). Occasionally, the infiltrate 
tended to surround small vessels, nerves and mucous glands, but in general 
spread diffusely and extensively with no apparent relation to blood vessels, 
nerves or glands. There was focal, smudgy necrosis of occasional small arteries 
and arterioles, and there were occasional granular, eosinophilic, capillary and 
arteriolar thrombi. In other areas, there was acute and chronic, non-specific, 
ulcerative inflammatory reaction, which had extended into the subjacent stri- 
ated muscle, accompanied by non-specific, highly vascular granulation tissue. 
There was a thick membrane on the surface, composed of pyknotic and karyor- 
rhectic nuclei, polymorphonuclear leukocytes, round cells, desquamated epi- 
thelium, red blood cells, fibrin and colonies of gram- positive cocci which were 
limited to the very surface of the lesion. 
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Sections of the cervical, axillary and mediastinal lymph nodes showed marked 
erythrophagocytosis. The sinusoids were very cellular, filled in large part with 
cells like those described above, and in part with polymorphonuclear leuko- 
cytes. The normal architecture, however, was in no way disturbed. The medi- 
astinal nodes contained in addition hemosiderin and anthracotic pigment. 

Sections of the skin lesions from the right lateral and right medial thigh 
showed extensive infiltration of the subcutaneous fat and dermis with the 
characteristic, variegated, cellular infiltrate described above (Fig. 5). Here, the 
macrophages were plump, with abundant, spreading, pink cytoplasm, which 
often contained vacuoles and nuclear debris. Occasionally, the infiltrate was 
found only around blood vessels, but in general spread diffusely and extensively 
with no apparent relation to blood vessels. There was smudgy necrosis of occa- 
sional capillary and arterial walls (Fig. 7), and there were occasional granular, 
eosinophilic thrombi in the small arteries, venules and capillaries. There were 
large isolated areas of necrosis in the subcutaneous fat (Fig. 12) and in the cell 
infiltrate, and large areas of the dermis were gangrenous. The isolated necroses 
in the subcutaneous fat occurred in the absence of necrosis in the overlying 
tissue. The surfaces of the lesions were composed of necrotic, hyperkeratotic 
epithelium infiltrated with gram-positive cocci. The latter were limited to the 
superficial, desquamating tissue. 

Sections of the right and left iliac lymph nodes showed extensive disruption 
of the normal architecture and infiltration of the surrounding fat by the char- 
acteristic, variegated, cellular infiltrate described above (Fig. 6). Cells with 
large, regular, pale (at times multilobate) nuclei, resembling some forms of 
Reed-Sternberg cells, were particularly striking. In addition, there were multi- 
nucleated, foreign body type giant cells and marked erythrophagocytosis, and 
sections of the right iliac nodes showed focal, smudgy necrosis of small arteries 
(Fig. 9), small, granular, eosinophilic thrombi and large areas of hemorrhage 
and necrosis (Fig. 11). 

A section of the trachea in some areas showed patches of the characteristic 
cellular infiltrate described above, but in general there was non-specific, 
highly vascular, chronic inflammatory reaction, accompanied by desquamation 
and squamous metaplasia of the surface epithelium. 

A particularly distinctive lesion was seen in all sections of the lungs, where 
the small arterioles were surrounded by sheaths of the characteristic, varie- 
gated, cellular infiltrate described above, including occasional mitoses and 
macrophages containing nuclear debris (Fig. 10). There was no evidence of any 
vascular necrosis. 

In addition, sections of the lungs showed patches of fresh and partially re- 
solved bronchopneumonia, non-specific acute and chronic bronchitis, a general- 
ized lightly staining coagulum of edema fluid containing occasional macro- 
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phages, occasional areas of recent intra-alveolar hemorrhage, non-specific 
subpleural scars in each upper lobe and fibrous pleural adhesions. 

Sections of the right hilar lymph nodes showed whorled, hyaline, scarred 
nodules with caseous centers and foci of foamy macrophages at the periphery, 
small flecks of calcium and a single giant cell. An essentially identical lesion 
was seen in the periphery of the right lower lobe. Small faint rings suggesting 
old Histoplasma organisms were seen in the foamy macrophages in hematoxylin 
and eosin and periodic-acid Schiff preparations. 

Sections of the skin lesion from the right forearm showed a basal cell epithe- 
lioma of multi-centric origin. 

Sections of the heart showed extreme metachromasia of the mitral valve, 
and there were rare focal scars in the myocardium. A section of aorta showed 
slight metachromasia in the media. 

Sections of the liver showed cytoplasmic infection bodies (28) and moderately 
advanced central atrophy. 

Sections of the spleen showed extreme erythrophagocytosis. The pulp was 
engorged with blood. 

Sections of the bone marrow showed extreme erythrophagocytosis. 

Sections of the colon, stomach, gall bladder, pancreas, bladder, testis, pros- 
tate, kidneys, adrenals, thyroid, parathyroids, thymus, skeletal muscle, 
hypophysis, brain, middle and inner ears appeared essentially normal. 


Bacteriology: Cultures of the nose, nasopharynx, sinuses and larynx yielded 
heavy growth of Candida albicans, B. pyocyaneus and pneumococcus. Cultures 
of the spleen and right axillary lymph nodes for fungus were negative. 


Anatomical Diagnosis: Lethal midline granuloma with involvement of nose, 
nasopharynx, sphenoid sinuses, epiglottis, larynx, trachea, lungs, iliac lymph 
nodes and skin. Destruction of cartilaginous nasal septum and partial destruc- 
tion of epiglottis and left false vocal cord. Diphtheritic membrane formation, 
larynx. Necrosis of dermis and focal necrosis of subcutaneous fat, thigh. Acute 
and chronic inflammation, ethmoid, left frontal and right maxillary sinuses. 
Chronic inflammation, trachea and bronchi. Squamous metaplasia, tracheal 
epithelium. Fresh and partially resolved bronchopneumonia. Pulmonary 
edema. Fresh hemorrhage, lungs. Subpleural scarring, right and left upper 
lobes, lungs. Hyaline nodule, right lower lobe, lung, and hyaline scarring (with 
caseation and calcification), right hilar lymph nodes (healed histoplasmosis?). 
Cytoplasmic infection bodies and central atrophy, liver. Marked erythropha- 
gocytosis, lymph nodes, bone marrow and spleen. Hemosiderin deposition, 
mediastinal lymph nodes. Basal cell epithelioma, right forearm. 


DISCUSSION 


The possibility that some of the characteristic microscopic features of the . 
lesions in this case (e.g., the focal necroses, the bland vascular necrosis and the 
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eosinophilic, granular thrombi) were all due to x-ray therapy may be dismissed, 
in view of the fact that all could be observed in tissues which had received no 
x-ray therapy. 

The lesions of lethal midline granuloma have long been recognized as sug- 
gesting a variety of diagnoses. In this case, areas in the iliac lymph nodes, with 
great numbers of cells containing large, pale, often multilobate nuclei, re- 
sembled Hodgkin’s disease and mycosis fungoides (Fig. 6). In portions of the 
nasal mucosa and trachea, the infiltrate was indistinguishable from non-specific 
chronic inflammation (Figs. 4, 5). Areas in the right sphenoid sinus, nose, 
larynx, iliac lymph nodes and skin, with smudgy necrosis of small arteries, 
arterioles, capillaries and small veins, tended to simulate primary vascular 
disease (Figs. 7, 8,9). Areas in many lesions, with cells which contained hyper- 
chromatic nuclei, often in mitosis, tended to simulate undifferentiated tumor 
(Figs. 2, 3). 

In the present case, systemic lesions were found in the larynx, trachea, lung, 
skin and iliac lymph nodes. The systemic nature of this disease, however, has 
not generally been appreciated. In all, 39 autopsies of clinically typical cases 
of lethal midline granuloma are known to have been reported (1-27), but many 
have lacked any kind of histologic confirmation and the cursory microscopic 
descriptions of many others raise considerable doubt as to whether some were 
not in fact instances of other disease entities. Nonetheless, 6 well studied autop- 
sies’ of lethal midline granuloma have been described in some detail; visceral 
lesions were present in 3. In view of their pertinence to the present case, the 
pathology of the visceral lesions in each of the 3 is discussed briefly. 

The case reported by Bonne and Lodder (5) was described clearly and in 
detail. Lesions were observed in the lungs, heart, liver, spleen, kidneys, ad- 
renals, pia mater, hypophysis, mesenteric lymph nodes, stomach and small 
intestines. The lesions were composed in the main of cells which were round and 
contained irregular nuclei that varied greatly in form and intensity of staining; 
numerous mitoses and occasional necroses were also noted. The authors empha- 
sized the apparent similarity of the lesions of their case to those of “‘lympho- 
granulomatosis” and mycosis fungoides. Both from the word description and 
the excellent photomicrographs, it would seem that the characteristic cellular 
infiltrate of their case was very much like that in the present case. Pertinent to 
their case is the case of long-standing mycosis fungoides of the skin reported 
by Greifenstein (29) that simulated lethal midline granuloma terminally and 
at autopsy had lesions which the authors considered very similar to those of 
either lethal midline granuloma or mycosis fungoides in the nose, lungs, stomach 
and small intestines. 

In the case reported by Hall (9), examination of the epidermis in lesions 
from the groin and thorax ‘‘showed edema with superficial vesiculation and 


> Refs. 5, 6, 9, 12, 14, 19 (case 2). 
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numerous large aggregations of cells of various size, many of which exhibited 
mitosis.’ Nodules in the kidneys and lungs “showed similar features to those 
of the skin.”’ All nodules “showed infiltration with cells of a primitive type 
in which mitoses indicated considerable activity. The cells varied in size and 
form, recalling some of bone marrow origin and the aggregations they form 
are not unlike aggregations which occur in multiple myelomatosis or, again, 
in malignant lymphogranulomatosis (Hodgkin).’’ Hall further described in 
every nodule a “very definite tendency to necrosis.”’ 

In case 2 of Bergqvist and Koch (19), lesions were described in the skin, 
lungs, abdominal lymph nodes and muscle, which, on microscopic examina- 
tion, showed “mainly stellate cell elements resembling reticular cells with a 
nucleus moderately rich in chromatin and in places fairly large nucleoli. The 
cells displayed a moderate polymorphism and fairly numerous mitoses.”’ These 
features suggested a certain resemblance to “reticular cell sarcoma,” but “the 
tissue was permeated with fairly numerous streaky or focal necroses with 
fairly abundant leukocytes” causing ‘‘the process at some sites to resemble 
an acute necrotizing lymphogranulomatosis.”’ Judging from the photomicro- 
graph of a mesenteric lymph node, it would seem that the characteristic cellu- 
lar infiltrate of their case was much like that in the present case. 

The general similarity of the cellular infiltrate in the above 3 cases to that 
in the present case is quite plain. As in the present case, the typical lesions 
were composed of cells of greatly varied shapes and sizes, mitoses were always 
described, and necrosis was noted in each. Although some of the characteristic 
features observed in this case, including the perivascular aggregation of cells, 
the focal vascular necrosis and the small thrombi were not noted in the 3 
cases demonstrating systemic lesions, they have been described in the local 
lesions of other cases of lethal midline granuloma studied at autopsy (2, 3, 6, 
15, 19 (case 1), 23). The distinctive, perivascular cell sheaths seen in sections 
of the lungs in this case (Fig. 10) have not been previously described. 


In addition to the cases of Bonne and Lodder (5), Hall (9) and Bergqvist and Koch (19 
(case 2)), 5 other cases, presumed to be lethal midline granuloma and microscopically studied 
at autopsy, have been reported with visceral lesions (8 (case 3), 13 (case 1), 23 (case 2), 24 
(case 2), 25 (case 4)). In view of the cursory nature of the microscopic descriptions in these 
5 cases, however, one cannot be certain that some were not instances of other disease en- 
tities. 


The etiology of lethal midline granuloma remains unknown. It has been 
related to a variety of diseases including Hodgkin’s disease, periarteritis nodosa, 
tumors, infections and mycosis fungoides. The lesions in this case differed from 
those of Hodgkin’s disease by the presence, of vascular necrosis (Figs. 7, 8, 9) 
and small thrombi, both of which are quite foreign to Hodgkin’s disease, and 
by the absence of eosinophils. Occasionally the infiltrate tended to surround 
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small vessels, nerves and glands, but the lesions were clearly not those of peri- 
arteritis nodosa inasmuch as the infiltrate usually spread diffusely and exten- 
sively with no consistent relation to the blood vessels, and inasmuch as the 
vascular necrosis was not accompanied by the inflammatory reaction charac- 
teristic of periarteritis nodosa. In considering whether the lesions may have 
represented an undifferentiated tumor, one finds it difficult to explain the 
vascular necrosis and small thrombi and to explain that the cervical, axillary 
and mediastinal lymph nodes were not involved in the presence of more dis- 
tant systemic lesions, despite the presence of lesions in the nose, nasopharynx, 
sinuses, trachea, larynx and lungs. Many of the lesions in this case closely 
resembled active non-specific chronic inflammation (Figs. 4, 5), but all attempts 
to demonstrate organisms were unsuccessful, but for the demonstration of 
secondary invaders. Finally, the apparent similarity of the lesions in this case 
to those of many reported cases of mycosis fungoides is noteworthy, but 
mycosis fungoides itself, as is well known, has long been an enigma. 

The fact that the lesions of lethal midline granuloma may in areas be indis- 
tinguishable from non-specific chronic inflammation assumes particular im- 
portance in the interpretation of biopsy specimens, for a biopsy in a clinically 
typical, destructive lethal midline granuloma, under such circumstances, might 
reveal nothing more than non-specific chronic inflammation. Such was the 
situation in the nasal biopsies in this case. 

The significance of the striking erythrophagocytosis observed in the spleen, 
lymph nodes and bone marrow is not known. 

In recent years, there has been a tendency in discussing destructive, gan- 
grenous lesions of the nose, oropharynx and sinuses to ally cases of lethal 
midline granuloma with cases of Wegener’s granulomatosis (20, 21, 25, 30, 31, 
32). This disease, first described by Klinger (33) and Wegener (34), is charac- 
terized by gangrenous, destructive lesions of the nose, oropharynx, sinuses, 
trachea or lungs, glomerulonephritis and generalized periarteritis nodosa. The 
present case appears to bear no relationship to the cases of Wegener’s granulo- 
matosis described by Klinger (33), Wegener (34) and Godman and Churg 
(30). The intense arteritis with accompanying polymorphonuclear reaction 
which they observed in the local lesions stands in marked contrast to the 
bland vascular necrosis unaccompanied by inflammatory reaction which was 
found in most lesions of the present case. Nor were the other features charac- 
teristic of Wegener’s granulomatosis—generalized periarteritis nodosa, glo- 
merulonephritis, nodular granulomata and large numbers of foreign body and 
Langhans type giant cells—observed in the present case. Through the kind- 
ness of Dr. Gabriel C. Godman, the authors have had the opportunity to 
study sections from several of the cases of Wegener’s granulomatosis reported 
by Godman and Churg (30). In none of the lesions did they describe nor did 
we observe the distinctive cellular infiltrate characteristic of the present case, 
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recalling the statement of Wegener (34) that “our cases have nothing his- 
tologically in common... with the so-called Granuloma gangraenescens.’” 


SUMMARY 
The present report describes a case of lethal midline granuloma (granuloma 
gangraenescens), studied at autopsy, with systemic lesions. 
The autopsy literature has been reviewed. 


The systemic nature of lethal midline granuloma is not generally appreciated. 
The etiology of this unusual disease remains unknown. 
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EXPLANATION OF ILLUSTRATIONS 


Fic. 1. Larynx (posterior view) showing granular, friable, ulcerative lesion involving left 
side of epiglottis, left aryepiglottic fold, left false vocal cord and left true vocal cord. 


The characteristic cellular infiltrate was found in all lesions and consisted of lympho- 
cytes, plasma cells, monocytes, macrophages (containing vacuoles, nuclear debris and in- 
gested round cells), epithelioid cells, large cells resembling lymphoblasts or myeloblasts, 
large cells with large, irregular, hyperchromatic (at times multilobate) nuclei, large cells with 
large, regular, pale (at times multilobate) nuclei and small cells in mitosis. 


Fic. 2. Larynx (x 1000), showing characteristic cellular infiltrate, here simulating un- 
differentiated tumor. 

Fic. 3. Larynx (X 1000), showing characteristic cellular infiltrate, here simulating 
undifferentiated tumor. 

Fic. 4. Nose (X 1000), showing characteristic cellular infiltrate, here simulating non- 
specific chronic inflammation. 

Fic. 5. Skin, right lateral thigh (X 750), showing characteristic cellular infiltrate, here 
simulating non-specific chronic inflammation. 

Fic. 6. Right iliac lymph node (X 750), showing characteristic cellular infiltrate, in 
particular cells of Reed-Sternberg type. 

Fic. 7. Skin, right lateral thigh (X 600), showing smudgy necrosis of small artery. 

Fic. 8. Nose (X 600), showing smudgy necrosis of small artery. 

Fic. 9. Right iliac lymph node (x 200), showing focal smudgy necrosis of small artery. 

Fic. 10. Lung (X 300), showing distinctive perivascular sheaths consisting of character- 
istic cellular infiltrate. 

Fic. 11. Right iliac lymph node (x 100), showing large area of necrosis. 

Fic. 12. Skin, right lateral thigh (xX 50), showing large, isolated area of necrosis in sub- 
cutaneous fat. 
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It is generally assumed that release of histamine from skeletal muscle by 
curare is unrelated to the myoneural blocking action of the latter (1). Curariza- 
tion’ has been reported associated with a marked rise in the blood concentration 
of a substance or substances resembling histamine (2), presumably through its 
release from a bound form in muscle (2, 3). The amount of histamine-like 
material is quite high in the skeletal muscles of a variety of species (2, 4). In 
man striking and severe “‘histamine”’ reactions have resulted from the intra- 
arterial injection of curare (5, 6). Because of these observations and several 
more to be mentioned in the discussion it seemed worthwhile to determine 
whether histamine might have some detectable effect on the end-plate po- 
tential (7, 8). Hence, these experiments were performed. 


MATERIAL AND METHODS 


The iliofibularis muscle and its nerve were dissected out of Rana pipiens (green frog). 
The nerve-muscle preparation was then immersed in Ringer’s solution to which curare® had 
been added previously in concentrations of 1.3 to 2 units per 100 milliliters. The composition 
of the solution was (in millimoles per liter): potassium 3, sodium 126, calcium 2, magnesium 
1, sulfate 1, chloride 97, phosphate 3, and bicarbonate 30 (9). The solution was aerated 
under oil with 5 per cent CO». and 95 per cent O2. The final pH was 7.2. The temperature 
during the various experiments ranged from approximately 25° to 27° Centigrade. After one 
and a half to three hours submersion the muscle was secured firmly at both ends and platinum 
recording and stimulating electrodes applied to the muscle and nerve respectively. A fifth 
platinum electrode was used for grounding purposes. The entire ensemble was so mounted 
that the preparation could be elevated into oil or lowered into solutions without disturbing 
the positions of the indifferent or the exploring recording electrodes. For the electrical 
studies a stimulator supplying pulses with continuously variable parameters was used in 
conjunction with an isolation unit. A high gain AC amplifier with suitable filters was em- 
ployed to amplify the potentials. Its output was fed to one beam of an oscillograph. The 
second beam recorded one millisecond time markings from a square-wave generator. The 


1 Instructor in Medicine, Instructor in Anatomy, The Johns Hopkins Uriversity School 
of Medicine, Absent on leave. - 

2 The term “curarization” has been applied to the myoneural blocking effects of a variety 
of drugs which undoubtedly have different modes of action. In this paper the term will be 
restricted in meaning to the effect of curare alkaloids. 
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preparation was raised from the control solution into oil and stimulated supramaximally. 
After locating with the exploring electrode the greatest end-plate potential deflection, the 
nerve was stimulated once per second. Single sweep tracings were photographed. The prep- 
aration then was reimmersed in the histamine test solution and subsequently returned to 
the oil phase and stimulation resumed. All test solutions were aliquots of the original curare- 
Ringer’s solution in which various concentrations of histamine base (as diphosphate or dihy- 
drochloride salt) were made. After preliminary studies immersions were timed to last usually 
ten minutes in test and control solutions with two minutes intervening in the oil phase for 
recording purposes. Tracings were plotted and submitted to statistical analyses. Thirty-six 
preparations were studied. 


RESULTS 


As shown in Graph I the amplitude of the end-plate potential (EPP) at the 
beginning (C,) of a sample experiment was 405 microvolts. 
Following a ten minute exposure in 20 milliliters of the control solution to 
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The ordinate shows the amplitudes of the EPP in each series of observations following 
successive exposures: 1.22 mgms. per cent histamine base (HB) for ten minutes (Ts); 2.38 
mgms. per cent HB for ten minutes (T2); 2.38 mgms. per cent HB for 20 minutes (T;) and 
4.54 mgms. per cent HB for ten minutes (Ts). The control runs (C,-C;) followed successive 
and intervening washings in the control solution for ten minutes. Each line represents 60 
consecutive responses to supramaximal stimuli at 1 second intervals. There is in each series 
a slight decrease in amplitude during the period of observation in oil. The standard deviation 
(STD. DEV.) of the least square line in microvolts is given for each period of observation. 
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which had been added histamine base in a concentration of 1.22 milligrams per 
cent as the diphosphate salt the EPP decreased to 320 microvolts (T,). A 
reimmersion in a fresh aliquot of the control solution restored the EPP to 385 
microvolts (C.). As illustrated, sequential immersion in increasing concentra- 
tions of histamine base (T, —T,) gave additional diminution of the EPP and 
intermediate washings in the control curare-Ringer’s solution (C;, C,) restored 
the amplitude. The standard deviations from the lines of least squares in each 
series of responses are presented in Graph I. The differences between the con- 
trol and test results are statistically significant. At the end of the observations 
a final washing in curare-Ringer’s solution restored the EPP to 310 microvolts 
(C;). In each series of observations there was a slight diminution of amplitude 
during the period of stimulation while in the oil phase. 

The alteration of the EPP in another experiment is illustrated in Plate I. 
The initial amplitude as shown in tracing 1 was 562 microvolts. After exposure 
to 1.69 milligrams per cent of histamine base the amplitude decreased to 315 
microvolts (as shown in tracing 2) and was restored (as exemplified in tracing 
3) by again immersing in the control solution. Comparable tracings from 
another experiment are seen in Plate II (see captions for details). The time 
markings in all records are one millisecond intervals. 

That such results were not due simply to a change in phosphate ion con- 
centrations was indicated by the following observations. 1. Dissolving addi- 
tional Na2HPO, in aliquots of control Ringer’s to attain levels present with 
the largest amounts of histamine diphosphate previously used did not alter 
the EPP. 2. Furthermore, in other experiments (see Plate III), using histamine 
base in Ringer’s solution (adjusting the pH to 7.2 with 1 N HCl) or employing 
histamine dihydrochloride (instead of the diphosphate salt) in Ringer’s solu- 
tion depressed the EPP. Apparently, therefore, the depression of the EPP in 
previous comparable experiments was due to the presence of the histamine 
base itself. Concentrations of histamine base as low as 0.7 milligrams per cent 
had a demonstrable effect on the EPP. 


DISCUSSION 


Anrep and Barsoum (10) observed that tetanus of skeletal muscle, resulting 
from nerve stimulation, was associated with the appearance of measurable 
amounts of histamine in the venous blood emerging from the muscle. According 
to Alam et al. (2) while attempting to see if direct stimulation of curarized 
muscle liberated histamine Anrep and Barsoum found the administration of 
curare, even without stimulation, was followed by greater liberation of his- 
tamine than observed during muscular contraction. Alam ¢/ al. (2) in elabora- 
tion of these observations later found in dogs that sectioning of the supplying 
nerve nine to forty days prior to the experiment did not prevent the release 
of histamine from skeletal muscle on injecting curare. In cattle the striated 
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muscle may contain 1.4 to 2.0 milligrams per 100 grams of tissue (4). In fowl, 
red muscle may contain five to seven times that amount of histamine found in 
white muscle. In one dog experiment Alam et al. (2) found 0.55 milligrams per 
100 grams of gastrocnemius muscle but following the injection of curare the 
content of comparable tissue was 0.27 milligrams per 100 grams. Slow injection 
of curare may raise the histamine content of venous blood without raising the 
arterial histamine level; presumably the histamine is removed by the lungs 
and possibly other organs. A heart-lung preparation showed no release of 
histamine from the lung on injection of curare (2). 

MacMillan and Giarman (11) studied histamine liberation with different 
myoneural blocking agents in anesthetized intact cats. Those agents preventing 
depolarization of the end-plate such as d-tubocurarine, mytolon and flaxedil 
caused a drop in the blood pressure while those agents causing depolarization 
of the end-plate such as decamethonium and succinylcholine did not result 
in lowering of the blood pressure. They interpreted their results as showing 
that blocking agents preventing depolarization released histamine while those 
that depolarized did not. Their studies on wheal formation in rabbits with 
such drugs substantiated this impression. However, such a generalization 
should be accepted with some reservation because dihydro-beta-erythroidine 
does not seem to release histamine (5, 12). Paton and Zaimis (13) also ob- 
served decamethonium was not very active in causing a delayed depressor 
response in an anesthetized cat’s blood pressure and in a later publication (14) 
concluded it did not release histamine. 

Comroe and Dripps (5) and Grob, Lilienthal and Harvey (6) noted a marked 
“histamine” reaction on intra-arterial injection of curare in human subjects. 
The latter could duplicate the reaction with intra-arterial injections of his- 
tamine without evidence of myoneural block. 

The concentrations of histamine used and the species of tissue employed 
limit the implications drawn from the experiments reported here. However, 
the following brief speculation may be admissible. Several observations have 
appeared to support the assumption that the histamine release on curarization 
is unrelated to the myoneural block. 1. Such release has been noted with 
amounts of curare inadequate to cause block (1). 2. Intra-arterial injection 
of histamine in amounts sufficient to cause marked vascular changes does not 
have a paralyzing effect on skeletal muscle (6). Nor has that released from 
tissues, which may occur through a variety of means (16, 17), been reported 
as causing paralysis. 3. The amounts of histamine liberated by different block- 
ing agents vary (11, 12, 18). In considering these sequentially and viewing 
them as not entirely conclusive in ruling out the possibility of a relation between 
the histamine release and the paralyzing éffect of curare the following should 
be mentioned. First, the early release of a histamine-like substance by sub- 
paralytic doses of curare might be a step toward (so to speak) the development 
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of block. Secondly, the vascular effects of small amounts of histamine are so 
severe that injecting quantities im vivo sufficient to attain higher concentrations 
at the myoneural area have been prohibitive. The possible importance of the 
distribution of free histamine between blood and tissues has been pointed out 
by MacIntosh and Paton (15). Thirdly, the modes of action of myoneural 
blocking agents obviously vary (14). Consequently, the observations that 
several different such substances cause block and release histamine in various 
ratios (11, 12, 18) does not rule out the possibility that in some instances 
such release of a bound histamine-like substance may be more intimately 
related causally to blocking activity than has been assumed previously. 


CONCLUSIONS 


Histamine, under the experimental conditions described, depresses the end- 
plate potential. This effect is reversible. Although broad implications from 
such observations are inadmissible, possible limitations are pointed out to the 
premises for the generally accepted assumption that a histamine-like sub- 
stance has no associated role in the effect of curare alkaloids. 
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the same animal. In the cat decamethonium paralyzes the tibialis more readily than the soleus while 
d-tubocurarine does the reverse (18). 
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PLATE I 
Tracing 1 is a photograph of an EPP under control conditions. Tracing 2 shows depression 
of the EPP following a ten minute exposure to histamine base (1.69 mgms. per cent). Tracing 
3 reveals return of the EPP following reimmersion for ten minutes in the control curare- 
Ringer’s solution. The calibration markings in the upper right corners are equivalent to 89 
microvolts. The time markings at the top of each tracing represent 1 millisecond intervals, 


PLATE II 


Tracing 1 shows the amplitude of the EPP during stimulation following immersion in 
control curare-Ringer’s solution. Tracing 2 and 3 represent the depressions of the EPP 
following ten minute exposures to test solutions containing 1.69 and 4.54 mgms. per cent of 
histamine base. Tracing 4 was made after washing the preparation in the control solution 
and shows return of amplitude of the EPP. The calibration markings in the upper right 
corners represent 105 microvolts. The time markings at the top of each trace occur at 1 milli- 
second intervals. 


PLATE III 


Tracing 1 represents an EPP made just prior to immersing the preparation in a test solu- 
tion of histamine base (as the dihydrochloride salt) in 2.38 mgms. per cent concentration. 
Tracing 2 shows the depression of the EPP following a ten minute exposure to the histamine 
and tracing 3 reveals return of amplitude later after washing the preparation for ten minutes 
in the control curare-Ringer’s solution. The calibration markings in the upper right corners 
are equivalent to 300 microvolts. The time markings at the bottom of each tracing denote 1 
millisecond intervals. 
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There is abundant evidence incriminating the staphylococcus (Micrococcus 
pyogenes) as one of the major pathogens in bacterial infections at the present 
time. The clinical significance of this species is due mainly to two factors: (1) 
the ease and frequency of its transmission and (2) its tendency to develop anti- 
biotic resistance (1-15). Consequently, infections due to this microorganism 
are becoming increasingly prevalent and increasingly difficult to manage. 

In the present study the plan has been to compare some of the well-known 
in vitro properties of staphylococci with their virulence for mice, and to attempt 
to correlate these factors with their clinical pathogenicity. Individual strains 
were isolated in the routine bacteriological laboratory. Most of these were of 
obvious clinical significance, whereas others were of doubtful importance and 
still others could be considered as secondary pathogens or even as contaminants. 


I. SOME POINTS FROM THE LITERATURE 
A. Coagulase and alpha-hemolysin 


The in vitro properties that have been shown to be of major importance from 
the standpoint of potential pathogenicity, are the ability of the organisms to 
form coagulase and their production of alpha-hemolysin (16-23). The former, 
or the ability of the bacteria or their culture filtrates to clot human or rabbit 
plasma—and sometimes that of other species—has been recognized for many 
years and is often considered a good “‘screening method”’ for pathogenic strains. 
By this procedure, it has been shown that coagulase-negative strains are sel- 
dom, if ever, responsible for human infections. One inadequacy of the test, 
however, lies in the fact that coagulase-positive strains are sometimes isolated 
under circumstances that would lead to their classification as secondary, rather 
than primary, invaders. In spite of obvious implications suggesting the impor- 
tance of this phenomenon in the localized type of reaction usually seen in 
staphylococcal infections, it was the impression of some early investigators 
(16), and also of some more recent ones (24), that there was little evidence that 
coagulase exerted any direct effect in actual infections. This reaction, therefore, 
has often been considered of interest more from the standpoint of its in vitro 
than from its in vivo effects. On the other hand, Spink and Vivano (17) demon- 
strated a correlation between a pathogenic strain’s formation of coagulase and 
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its resistance to the bactericidal action of human blood. Additional experi- 
mental evidence in support of that concept has recently been produced by 
Ekstedt and Nungester (25) who were able to show that coagulase-negative 
organisms, which were inhibited by normal human serum, could be induced to 
grow in that medium by the addition of coagulase to the serum. If this reaction 
—apparently one protecting the bacteria from the defense mechanisms of the 
host—were to function in vivo, the ability of pathogenic staphylococci to estab- 
lish active infections might be considerably enhanced. Additional evidence 
suggesting that coagulase may be of importance in staphylococcal infections 
was presented by Rammelkamp and co-workers (26), for they demonstrated 
specific anti-coagulase in the sera of humans and monkeys following infection 
or after injection of specific coagulase. It seems quite likely, therefore, that 
coagulase, which is produced by nearly all strains of pathogenic staphylococci, 
is of more than theoretic interest. 

Of the several hemolysins produced by this species, the one known as alpha- 
hemolysin seems most characteristic of virulent strains. The toxic properties 
of this factor have been emphasized by several groups of workers, and quanti- 
tative methods are given by which its level may be determined in staphylococ- 
cal cultures (21, 22, 23, 27). A recent article is of particular interest in this 
regard, for the author has shown the specific and significant effect of alpha- 
hemolysin in vive (23). This hemolysin is the one capable of hemolyzing rabbit 
red blood cells, and though actual titrations can be made for quantitative 
accuracy, its hemolytic effect on these cells in blood agar can be used to detect 
it in cultures. 

There are several other interesting properties of staphylococci, but they seem 
to be of less interest from a practical standpoint than the production of coagu- 
lase and alpha-hemolysin (20, 22, 23). There are, for example, three additional 
hemolysins, a leucocidin, fibrinolysin, dermonecrotic toxin, enterotoxin and 
hyaluronidase. These substances, however, are not produced as regularly by 
the pathogenic strains as are the former two. 


B. Animal Experiments 


The animals most frequently employed as a guide to pathogenicity of staphy- 
lococci are the rabbit and the mouse. The former are especially susceptible to 
a potent exotoxin found in the culture fluid and bacteria-free filtrate of an 
occasional strain (20, 28, 29). This toxin is detected by intravenous injections, 
the rabbit dying with convulsions about 5-30 minutes after the injection. Other 
pathogenic strains produce abscesses in various organs of these animals, but 
this method does not give a quick or always a reliable answer. 

In mice the injections are carried out either intravenously or intraperitone- 
ally. If the former method is used, and large inocula employed, the animal’s 
death may be due to the ‘“‘non-specific effect of the endotoxin of the inoculated 
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organisms rather than to progressive infection” (19). A recent report of Smith 
and Dubos (24) is of considerable interest. They found that all the strains of 
staphylococci which they gave intravenously to mice—both virulent and 
avirulent—were cleared equally rapidly from the blood stream and from the 
organs. However, there were a few organisms in both categories which per- 
sisted, mainly in the kidneys. These organisms then formed abscesses in the 
kidneys, which in the case of the virulent strains, led to the death of the 
animals. 

The mouse has been considered relatively resistant to intraperitoneal injec- 
tions, and this method of assay of virulence seems to have been employed rela- 
tively rarely. Even when large numbers of cocci are injected by this route, the 
natural defense mechanisms of the species eliminate the organisms so readily 
that progressive infection often does not occur (22). Blair (20) states that it is 
usually necessary to use mucin in order to produce an active infection in this 
way. However, if very large inocula are introduced intraperitoneally, death of 
the animals may result when potentially virulent cultures are used. This test 
for mouse pathogenicity has been shown to have some correlation with the 
strain’s alpha-hemolysin production and with its clinical pathogenicity (18, 27). 


II. PLAN OF THE PRESENT STUDY 
A. In vitro studies 


In our studies an attempt has been made, following isolation of the staphy- 
lococcus in the routine bacteriological laboratories, to correlate our concept of 
its clinical pathogenicity with the production of alpha-hemolysin and coagu- 
lase. In addition to these tests, mouse experiments were carried out, the animals 
being injected intraperitoneally with undiluted broth cultures of the organ- 
isms. In this way, we were interested in finding out, primarily, whether or not 
our method for study of mouse virulence might be correlated with some of the 
other properties already mentioned. The intraperitoneal route was chosen in 
preference to the intravenous or intramuscular, in order to determine the 
organism’s ability to invade the tissues or even the blood stream. By this 
method we hoped to be able to determine whether a strain was non-pathogenic 
for mice or pathogenic in varying degrees. 

Most of the strains of staphylococci selected for this study were considered 
to be of probable clinical significance and were graded in our tabulation as one 
to two plus. Those strains considered as most certainly pathogenic were isolated 
from the blood in cases of bacteremia or endocarditis, or from pure cultures 
obtained from abscesses and the like. Other strains, in which this property of 
pathogenicity seemed less certain, were cultured from many other foci and, 
though the cultures were not always pure, had shown a heavy growth of staph- 
ylococcus. Still others selected were ones in which there seemed to be definite 
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TABLE I 
Results of Virulence Tests 


Degree Number and per cent 
Grade IV..... 45 
Grade ITI....... 21 
Total 100 


evidence that the staphylococci were of little or no significance from a clinical 
or cultural standpoint. 

The coagulase test was performed by using 1 ml. of human plasma diluted 
1 to 1 or 1 to 2 with saline and 0.5 ml. of an 18-24 hour broth culture of the 
staphylococcus. This test was incubated at 37.5° C., and observations were 
made on clot formation at the end of approximately 1 and 18 hours. The clot 
formed in this manner was usually quite firm, but in some only a thin coagulum 
resulted. Neither the speed nor degree of coagulation was recorded, the strain 
being tabulated only as either coagulase positive or negative. (In a few prepa- 
rations, there was evidence of greater or lesser degree of fibrinolysis after the 
tubes had remained at room or incubator temperature for several hours or 
days, but this phenomenon occurred so infrequently that it was not considered 
an important part of the study). 

The alpha-hemolysin was detected by means of observing the degree of hemol- 
ysis around colonies on agar plates to which rabbit’s blood had been added. 


The degree was tabulated as 1 plus to 4 plus. The degree of hemolysis on human 
blood agar was likewise noted. 


B. Animal experiments 


White mice, of the O’Grady strain, aged approximately 6 weeks to 4 months, 
were used throughout the experiments. All injections were given intraperitone- 
ally. Originally, smaller inocula were tried by diluting the cultures 1 to 1 or 
1 to 2, but the results obtained in this manner being quite variable, much 
larger inocula were adopted as a standard procedure. These inocula consisted 
of 1 ml. of an 18-24 hour beef-infusion broth culture, or approximately 1-12 
billion organisms. The intraperitoneal injections were usually carried out in the 
early part of the day in order that the mice could be observed for 8 or 9 hours. 
Following earlier trials with larger numbers of animals, two mice were regu- 
larly used for each staphylococcal strain. Upon death, each autopsy was per- 
formed as soon as possible. However, occasionally the animals died during the 
night and, from necessity, were examined the first thing the following morning. 
In performing the autopsies, the abdominal walls of the mice were wiped off 
with alcohol, a clamp and sharp scissors were sterilized by flaming and, then, 
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the chest wall was opened. Following this, each of the organs from which cul- 
tures were to be taken, was grasped with the clamp and cut quickly using the 
sterile scissors. Between each procedure, the scissors were cleaned off and steri- 
lized by flaming. Cultures were then taken witha small platinum loop from the 
cut surface of each of the organs. When these tests were done on the liver and 
kidney, the small loop was applied as near the center of the cut surface as 
possible, to avoid any contamination with the peritoneal fluid. When similar 
tests were done with the lung, the cut surface being considerably smaller than 
that of the other two, in most instances, less material was obtained for sub- 
culture. An attempt was made, however, to make the inocula obtained in this 
way as nearly uniform as possible. The standard procedure was to first take a 
loopful of pleural fluid~-when that was present—, and after that culture the 
lung, the heart-blood, and finally, the liver and one kidney. Sixty strains of 
staphylococci were studied in this way, and then, a change was made in the 
technique. The change was prompted by experiments which indicated that the 
former procedure was not free from likely contamination from the peritoneal 
or the pleural cavity. In the newer method, the organs were put into 95 per 
cent alcohol for a few seconds, then flamed, cut and cultured as in the previous 
experiments. Subcultures showed that the surface organisms were largely 
eliminated in this way. 

The final cultures made on blood agar plates—one for each animal—were 
incubated overnight and readings of growth were made the next day. These 
cultural growths were charted as follows: 1 plus for 1 to 15 colonies, 2 plus for 
15 to approximately 100 colonies, 4 plus represented an extremely heavy 
growth and 3 plus was intermediate between 2 and 4 plus. It was interesting to 
find that the cultures, obtained in this manner, were almost invariably dupli- 
cates of the original staphylococcus, even in the animals which had died over- 
night and which had, therefore, remained at room temperature for several 
hours before being autopsied. 


II]. RESULTS witTH 100 STRAINS OF STAPHYLOCOCCI 


A. Mouse virulence 


Following the first few experiments, our interest centered on a pattern of 
reactions that could be reproduced repeatedly with the individual strains of 


TABLE II 
Some Data on Grade III and IV Strains 
Condition Per cent of strains positive 
Pulmonary congestion or hemorrhage...... . of 66 
Positive blood culture (postmortem)..... . 54% of 41* 
Positive culture from liver or kidney. ...... 87°; of 39* 


* See text for explanatory details. 
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staphylococci. The majority, tested in this manner, were of two main varieties: 
those showing a high degree of virulence for mice, and those that were com- 
pletely avirulent. The largest number of strains—45 of the total—produced a 
rapid lethal effect, killing the animals in 414 to 84 hours, with an average of 
6.2 hours. These were designated as Grade IV in virulence. Thirty-two strains 
were considered avirulent, for similar or even larger inocula of these organisms 
failed to produce any more than transitory signs of illness in the mice for the 
first few hours after injection. These animals were killed after 3-10 days, and 
cultures of their organs were invariably sterile. Twenty-one of the strains fell 
between these two extremes, killing the mice in 9-48 hours; they were said to 
show Grade III virulence. In a minority of the mice, when killed at the end of 
the experimental period, and apparently suffering no ill effects, cultures from 
one or two of the organs—usually the kidney—resulted in a weak growth of 
staphylococci. Only 2 strains produced these minor infections, and they were 
designated Grade I. 

The behavior of the mice prior to death was of some interest and followed a 
like pattern in the majority of the animals. This similarity was particularly 
true, of course, in those mice receiving a specific strain, for the two mice would 
often die within a few minutes of each other. During the first few hours after 
injection all the mice seemed weak and listless, even those receiving avirulent 
strains. Before death, those mice receiving the most virulent strains became 
increasingly weak and showed marked respiratory distress and frequently 
cyanosis. Death occurred rather suddeniy, being preceded usually by slight 
kicking movements; at times there were definite convulsions. 


B. Pleuro-pulmonary changes 


The gross pathological findings that seemed of chief interest were pleural 
effusions and pulmonary congestion. Eighty per cent of the 66 strains in the 
Grade III or IV categories produced effusions of a significant degree into the 
pleural cavities of one or both the experimental animals. The fluid was usually 
serous in character and never appeared purulent. Tests were done to show that 
these effusions had no direct relationship to the purulent fluid in the peritoneal 
cavity. Subcultures were sometimes sterile but in 87 per cent the cultures were 
positive for the specific staphylococcus; usually only a few colonies were iso- 
lated from the pleural fluid, but in 17 a heavy growth was obtained. 

Gross changes in the lungs of the mice resulted from injection of 24 of the 
Grade IV strains and from 10 of the Grade III. The lungs, when affected in 
this way, were usually distinctly congested, but sometimes presented a hemor- 
rhagic appearance. No correlation was noted between these findings and the 
pleural effusions, which often occurred in the absence of any obvious paren- 
chymal changes; nor did they seem related to the speed at which the mouse- 
virulent organisms led to the death of the animals. No other strains of staphy- 
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lococci produced appreciable pulmonary lesions, though autopsies were 
performed on all the mice. 
C. Microscopic findings 

Histological studies were performed on 22 mice. The organs examined in- 
cluded a lung, the liver and a kidney in each case, and, the heart in 6 of them. 
Twelve of the mice had been killed by a strain of Grade III or IV virulence, 
and in 10 of them there were significant microscopic abnormalities in the lungs. 
These findings consisted either of marked congestion or hemorrhages, and 
usually both conditions were recognized. In 8 mice, the strains were of low- 
grade virulence or were avirulent, and there were 2 normal control mice. In 
none of these were there any abnormal pulmonary findings histologically. No 
changes were noted in the other organs, even in those of the 12 animals killed 
by the virulent strains. The same was true of the adrenals; these organs were 
examined in several of the mice killed by Grade IV organisms. No abnormali- 


ties were noted in the adrenals, either grossly or microscopically.' See Figures 
1, 2 and 3. 


Fic. 1. Normal mouse lung (X 600). 


‘We are indebted to Dr. Frederick G. Germuth, Jr. of the Department of Pathology 


for his review of these sections. 
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Fic. 2. Lung from mouse killed in 7 hr. by a Grade IV strain (#33). Note vascular 
congestion (X 600). 


D. Strain-specific effects 


A remarkable degree of strain specificity was demonstrated by 26 of the 
mouse-virulent staphylococci. This effect was shown by the pathological and 
cultural findings, which were usually quite similar in the two mice. The speci- 
ficity was illustrated even more strikingly, however, by the animals’ deaths, 
which occurred within 5-15 minutes of each other and which were preceded by 
similar behavior in the majority of the cases. Repeated tests were performed 
with several strains, often with considerable variation in the number of bacteria 
injected, and on each occasion this same phenomenon could be re-demon- 
strated. 


E. Cultural findings 


The results of cultures taken from the pleural cavities of the mice which were 
found at autopsy to have pleural effusions have already been referred to. Those 
studies dealt with all 100 strains of staphylococci, for no change in technique 
seemed necessary in obtaining uncontaminated cultures from those sources. 
We have previously mentioned the changes in technique which we have made 
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Fic. 3 Low-power view of lung from mouse killed by a Grade IV Strain (#21). Note 
extensive hemorrhage ( 150). 


during the latter part of this study; prompted by the necessity of avoiding any 
contamination from either pleural or peritoneal cavities. Having assured our- 
selves that the surface organisms were eliminated from the organs by immer- 
sion in alcohol and then flaming, those methods were adopted as our standard 
procedure. Thirty-nine of the virulent strains were studied in this way; 34 of 
them showed some growth from the cut surface of either liver or kidney, usually 
from both. The growth was apt to be scanty, and seldom exceeded our tabula- 
tion of 2 plus. In 22 of this series a positive culture was obtained from the 
heart’s blood, but growth from this source was even more scanty, being seldom 
more than 1 plus, and usually consisting of one or two colonies. Two earlier 
cases may be added, for in them the blood cultures were sterile in spite of 
positive cultures of the pleural fluid. The important point brought out by this 
part of the study seems to be that the blood cultures were positive in only 54 
percent of 41 cases. These findings, in addition to the rapidity of the animals’ 
death when highly virulent strains are used, provide evidence against the 
theory that the mortality could be explained entirely on the basis of bacterial 
invasion of the blood-stream. 
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F. Alpha-hemolysin, coagulase, mouse virulence and clinical pathogenicity 


We have been interested in determining whether or not any correlation 
could be drawn between the in vilro properties of a staphylococcus, its viru- 
lence to mice and its probable pathogenicity to humans. Whereas the first 2 
of the above reactions seem reasonably definite in these experiments, the pres- 
ence or absence of a strain’s clinical pathogenicity is not always easy to deter- 
mine. It is often impossible to be sure that a staphylococcus obtained by 
culture is actually responsible for the patient’s infection. In some instances, 
where we lack adequate proof of the strain’s implication in an infection, it may 
be considered “potentially”, rather than definitely pathogenic. 

Thirty-eight of the 45 Grade IV strains were studied for their production of 
alpha hemolysin and coagulase, as well as for their virulence to mice. These 
tests showed good correlation with the clinical pathogenicity, only 2 being non- 
pathogenic on clinical grounds. It was interesting to find that in 3 of these 
strains the test for coagulase was negative, and that 1 failed to produce alpha 
hemolysin. The same general pattern of reactions was noted in the Grade III 
group though the correlation with clinical pathogenicity was not as high as in 
those showing greater mouse-virulence. In the 32 strains graded as avirulent 
these correlations were not as good, for there were 5 which were thought to be 


pathogenic on clinical grounds, while 15 gave positive tests for alpha hemolysin, 
and 4 for coagulase. 


G. Some characteristics of the toxic substance 


1. Filtration and Centrifugation. One of the main interests of this study has 
centered in attempts to isolate or identify any specific substance that might be 
responsible for the rapid killing effect in mice. It has not been found in the 
broth cultures in the absence of living bacteria. This fact was demonstrated in 
several of the most potent strains by negative results obtained with bacteria- 
free filtrates, and even with the supernatant fluid following centrifugation. 
These culture filtrates and supernates of centrifuged cultures were ineffective 
when administered intraperitoneally in doses as large as 2 ml., and even when 
intravenous doses of 1 ml. were given. The sedimented bacteria, when resus- 
pended in saline, demonstrated a capacity to kill mice equal to that of the 
original cultures. 


Five of the most virulent strains were employed in experiments designed to 
show whether or not the toxin could be isolated from the peritoneal exudate of 
the mice. Injections were carried out in the usual way; immediately after the 
animals’ death their periteneal cavities were washed out with saline solution. 
The washings were then centrifuged and the supernatant fluids injected intra- 
peritoneally into other mice. The latter survived in each instance, in spite of 
the fact that as much as 2 ml. was given in each injection. These negative find- 
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TABLE Il 
Certain Well Known Products of Staphylococcal Cultures 


Toxins. . ves Filtrable | Heat Stable 
Lethal Factor... . 
Alpha-hemolysin. . . + +* 
Dermonecrotic toxin + = 
Coagulase ; 4+ + 


* Said to show paradoxical reaction to heat; inactivated by 65°C. in 30 min., but moderately 
resistant to boiling. 


ings were somewhat unexpected, for it seems logical to assume that the sub- 
stance responsible for the animals’ death is elaborated by bacterial growth in 
the peritoneal cavity, and that it is absorbed from that site into the general 
circulation. 

2. Effect of Heat and Cold. The lethal property of the staphylococci is ex- 
tremely heat-labile, being promptly destroyed by heat capable of killing the 
bacteria. It is even destroyed when the broth cultures are exposed to as low a 
temperature as 54° C. for 10 minutes. Most of the bacteria are not killed at this 
temperature, and two strains were shown to regain their mouse-virulence on 
recultivation. Cultures have been kept in the frozen state without any apparent 
loss of potency. 

3. Comparison with Other Staphylococcal Toxins. In attempting to differenti- 
ate the toxic substance under investigation in our studies from the known 
staphylococcal toxins, it is well to remember that it is (1) heat-labile, (2) non- 
filtrable and (3) does not require prolonged growth in vitro for its production. 
These contrasting features are illustrated more specifically by the data shown 
in Table III, in which some properties of the most potent staphylococcal toxins 
are summarized. This table was prepared from data obtained in the text-book 
by Wilson and Miles (30), and from an article by Blair previously referred 
to (20). 

H. Intradermal tests in rabbits 


Rabbits were injected intradermally into the skin of the abdomen which 
was prepared by shaving. The inocula were 0.2 ml. of 18 hr. cultures of staphy- 
lococci which had shown varying degrees of virulence to mice. A total of 28 
strains was employed in these experiments. Eighteen strains were of Grade IV 
virulence, 3 Grade III and 7 avirulent. In 3 of the most virulent ones the cul- 
tures were centrifuged and the supernatant fluids injected in the same manner. 
The results are summarized in Table IV, and are in line with what one might 
expect on the basis of our previous experience. The organisms which had been 
most virulent to mice produced the most extensive lesions in the skin of the 
rabbits, whereas those graded avirulent gave no visible reactions. The only 
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TABLE IV 
Results of Rabbit Intradermal Tests 


Abscess with Abscess 


Virulence Total strains ulceration without No!Reaction 
& necrosis ulceration 
Grade IV... 18 9 9 
Grade IIT. . 3 3° 
Avirulent . 7 7 
Supernate of virulent strains. 3 3t 


* Small abscesses. 
t Erythema in 2 in 2 days. No reaction in 5 days. 


changes noted in the tissues 24 hours after the injections were those of local 
swelling and erythema. These changes were followed by abscess formation; 
some of the abscesses then became ulcerated and necrotic. The reaction of 
necrosis occurred rather slowly, in some it was apparent in 2 days, but in all 
the height of the reaction seemed to be reached only after 4 days. Two of the 
cultures produced areas of necrosis as large as 2 cm.; these reactions were 
accompanied by deep ulceration and abundant exudate. All the lesions how- 
ever, even those with the most extensive changes, finally hea!ed spontaneously. 
The relatively slow evolution of these dermonecrotic lesions is consistent with 
our findings in the tests of virulence carried out on mice. It is apparent from 
these studies that both reactions:—the death of the mice approximately 6 
hours after intraperitoneal injection and the dermonecrotic changes in the 
rabbits’ skin—are best explained by active growth of virulent bacteria rather 
than by the action of a preformed toxin. 


I. Blood sugar determinations 

The suggestion was made by Dr. L. E. Cluff that the rapid death of the 
experimental animals following injection of virulent staphylococci might be on 
the basis of hypoglycemia. Consequently, blood sugar determinations were 
carried out on the heart’s blood of a group of mice injected intraperitoneally 
with Grade IV, Grade III and avirulent organisms. In each experiment the 
same procedure was carried out on one or two normal mice. Two mice were 
used for each strain of bacteria. The method employed was to etherize the 
mouse about 514 to 6 hours after the injection, at a time when the animal was 
near death from the most virulent strains. Blood was obtained directly from 
the heart by means of a 1 ml. syringe and * 20 needle, both of which were 
moistened immediately before with heparin solution. The blood was transferred 
to a small tube containing- two drops of heparin in the bottom. The standard 
preliminary steps were then carried out, the resulting filtrate kept overnight 
in the ice-box and the determinations done the next day.” 


* The blood sugar tests were done by Mrs. Florence B. White and Mrs. Elsie P. Goedeke 
of the Clinical Chemical Laboratories. 
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Results of blood sugar tests. 


The range of the blood sugar values for 4 tests performed on normal mice 
was from 130-220, with an average of 155 mgs. per cent. In the avirulent organ- 
isms 5 tests were run; the range was from 80-208 with an average of 140 mgs. 
per cent. In the Grade III group 6 tests were done with a range of 44-142 and 
an average of 115 mgs. per cent. 

Fourteen determinations were done with the most virulent, or Grade IV, 
bacteria; in this group there was a wide variation, from 23-136, with an average 
of 83 mgs. per cent. This figure is not strikingly low, but because a marked 
hypoglycemia was found in several of the tests, with a definite tendency to 
strain-specificity, the individual readings were of some interest. The following 
figures were obtained, those resulting from individual strains being inclosed in 
parentheses: (33, 40) (96, 107) (132, 117) (136, 88) 46, 132, (23, 44) (100, 80) 
mgs. per cent. Therefore we have found that the phenomenon of hypoglycemia 
was produced 5 times in the 14 tests done with the Grade IV strains, and by 
one of the Grade III group. On the basis of these data we may conclude that a 
marked hypoglycemia is sometimes found in mice following the intraperitoneal 
injection of virulent staphylococci. This metabolic abnormality could play a 
role in the sudden death of the animals affected, but because the blood sugar 
level has been found only slightly lowered by the majority of the virulent 
strains, this obviously cannot be offered as a significant etiological factor. 


DISCUSSION 


No sweeping conclusions are justified on the basis of studies performed on 
only 100 strains of staphylococci. However, observations on the results of 
intraperitoneal injections in mice have been interesting from the standpoint of 
the degree of virulence, the frequent finding of strain specificity in the most 
virulent group, and the high incidence of pleural effusions. Approximately 
one-half the strains pathogenic for mice produced gross evidence of pulmonary 
congestion or hemorrhage in one or both of the animals. This finding was 
verified histologically in a few cases. These parenchymal changes were not 
found in all the cases of pleural effusions, so it seems unlikely that they played 
an important role in the pathogenesis of the effusions. However, one cannot 
rule out the possibility that microscopic alterations in the pulmonary capil- 
laries or lymphatics might be present without producing changes obvious on 
gross or even microscopic examination. 

Many more studies will be required before any conclusions can be drawn 
regarding the possible relationship between the in vilro properties of the staph- 
ylococci, their mouse-virulence and their pathogenicity for humans. The fact 
that all but two of the strains most rapidly lethal to mice were isolated under 
circumstances indicating their responsibility for the infections under consider- 
ation, suggests that this test may prove useful in determining the organism’s 
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probable clinical pathogenicity. It would be less accurate, however, to con- 
sider a strain graded avirulent by our tests, of no significance clinically, for 
five of that group were thought to be responsible for active infections. 

Blood sugar determinations on mice infected with Grade IV organisms have 
been of considerable interest, for occasionally the levels have been quite low. 
This finding, however, has not been consistent enough to suggest any significant 
etiological relationship between the hypoglycemia and the sudden death of the 
animals. 

The strains of staphylococci which were most pathogenic for mice on intra- 
peritoneal inoculation produced abscesses and dermonecrotic lesions on intra- 
dermal injection in rabbits. The evolution of these lesions was rather slow; 
a finding consistent with the effect of growing bacteria, rather than that of a 
preformed toxin. 

The toxic substance in the broth cultures responsible for the rapid death of 
the mice, so far has not been obtained free of living bacteria, but its activity 
evidently is not dependent on blood stream invasion. It is not identical with 
the enterotoxin, which is produced by relatively few strains, is filterable and 
heat-stable. Most pathogenic staphylococci are known to elaborate exotoxins. 
These substances can be identified in broth cultures and may be responsible 
for many of the toxic symptoms in severe staphylococcal infections. Some 
properties of these toxins have been tabulated for purposes of comparison. It 
is not possible, on the basis of present data, that the toxic substance under 
consideration in our studies can be identified with any of the well-known exo- 
toxins. The fact that two of these exotoxins are heat-labile is evidence in sup- 
port of this theory, but the presence of the known toxin in bacteria-free filtrates 
is in sharp contrast to our own findings, and suggests a distinct difference 
between the two. It does not seem likely that the lethal effect could be attribu- 
ted only to the release of bacterial endotoxin, for a characteristic feature of 
this substance is its heat-stability. It is hoped that further studies may throw 
some light on this question and on some of the other problems referred to 
previously. 

SUMMARY 

1. One hundred strains of staphylococci have been studied for their viru- 
lence to mice. Cultures were injected intraperitoneally. 

2. The majority either killed the mice in an average time of 6.2 hours or 
were avirulent. A smaller number killed the animals more slowly. 

3. Eighty per cent of the virulent groups produced pleural effusions in one 
or both of the experimental animals. In 87 per cent of these, cultures of the fluid 
were positive for the specific staphylococcus. 

4. One-half of the virulent strains produced visible pulmonary congestion 
or hemorrhage in the mice. These findings were verified histologically in a few 
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animals. The gross changes in the lungs bore no apparent relationship to the 
pleural effusions. 

5. In the group showing the highest degree of mouse virulence there was 
some correlation between this reaction and a strain’s clinical pathogenicity. 
The correlation with coagulase production was not quite as good, but with 
alpha-hemolysin it was somewhat better. 

6. The toxic substance responsible for the rapid killing effect in the experi- 
mental animals was found to be quite heat-labile, and to be inseparable—in the 
tests conducted so far from actively growing bacteria. 

7. The animals were killed by the group of organisms showing the greatest 
degree of pathogenicity, without consistent invasion of organs or blood stream. 
This suggests the formation and absorption of a highly toxic product in the 
peritoneal cavity. This product has not been identified with any of the well- 
known exotoxins but may be of considerable significance from the standpoint 
of human infections. 
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Slowing of the fetal heart at the peak of a strong uterine contraction is fre- 
quently observed. This change in rate has been suspected to be due to a tempo- 
rary disturbance in placental circulation. Using a technique of catheterizing 
the circulation of the fetus im utero with the membranes intact, Reynolds, 
Paul, and Huggett, in a previous study (1) have investigated certain aspects of 
bradycardia in the fetal lamb (Reynolds and Paul (2)). It has been shown that 
in this animal, like the human, slowing of the fetal heart may be produced by 
a strong contraction of the uterus. It was also shown that the change in heart 
rate was due to fetal vagal activity at the time of the contraction. Furthermore, 
it was found that hypoxia in the fetus would stimulate the vagal mechanism to 
cause an immediate bradycardia and that the pre-oxygenated fetus was pro- 
tected for a time from the changes in heart rate associated with an increase in 
intrauterine pressure. The inference from this work is that slowing of the fetal 
heart is due to fetal hypoxia associated with a disturbed placental circulation 
during uterine contractions. 

The present investigation was undertaken to explore further the mechanism 
of bradycardia by measuring the oxygen saturation of the fetal lamb in utero 
during uterine contractions. 


PROCEDURES 


Five grade ewes were employed carrying fetuses varying from 125-140 days 
gestation (term about 150 days). The ewes were anesthetized with intravenous 
Dial-urethane and immediately intubated with a cuffed tube through a tra- 
cheotomy. 

The uterus was delivered from the abdomen and positioned gently on sand- 
bags to prevent tension on the uterine vessels. A small incision was made into 
the uterine muscle at the mid portion of the mesometrial border and the mem- 
branes exposed. If a fetal vessel of suitable calibre was not immediately ap- 
parent, one finger was inserted between the membranes and the uterine wall 
until the major branches of the umbilical cord were detected streaming towards 
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the rows of cotyledons. Once located in this extra-membranous position, their 
connective tissue coverings were teased loose and the vessels exposed without 
opening the amnion. The vein was identified due to its size and lack of pulsa- 
tion. This was then catheterized with a polyethylene tube, the vessels and 
membranes returned to the uterine cavity, and the incision closed. The fetus 
remained undisturbed in utero. 

A major uterine vein was dissected free of the uterine pedicle and catheterized 
with large calibre polyethylene tubing. Both fetal and maternal blood vessels 
leaving their respective portions of the placenta were then available for 
sampling. 

A short catheter was placed into the amniotic sac through a purse string 
suture to prevent loss of fluid, and attached to a simple water manometer to 
record intrauterine pressure. Fetal heart rates were counted by using a stetho- 
scope directly on the uterus. Heart rates and intra-uterine pressures were re- 
corded every minute throughout the experiment. — 

Pitocin was injected intravenously to produce uterine contractions of vary- 
ing intensity. Uterine tone in the sheep prior to labor is low, and large doses 
are required to produce sharp contractions. The dosage varied from 1 to 2.5 
c.c. Blood samples were withdrawn from the umbilical and uterine veins simul- 
taneously, before and after the administration of pitocin. These were stored 
under oil in heparinized tubes. Both oxygen capacity and oxygen content esti- 
mations were done the same day using the Van-Slyke apparatus. It was found 
that multiple sampling of the fetus with the removal of up to 30 c.c. of blood 
did not alter the oxygen capacity, so that oxygen saturation was chosen as a 
common method of reporting both the fetal and maternal estimations. 


RESULTS 
(a) Sequence of events during uterine contractions 


The simultaneous observations made in each experiment are illustrated in 
Figures 1 to 5. 
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It will be noted in Figures 1 and 2 that weak uterine contractions were pro- 
duced. Under these circumstances there is no appreciable decrease in either 
fetal or maternal oxygen levels, and the fetal heart does not vary significantly 
in rate following the onset of the contraction. A further point is worthy of at- 
tention. It is seen that the oxygen saturation in S-4-56 (Fig. 2) is seriously de- 
pressed, and that the fetal heart rates are similarly low. These low figures are 
probably due to delay during the preparation, with impaired circulation to 
the uterus during prolonged exteriorization. 

Figure 3 illustrates a brisk moderate contraction of the uterus. There is a 
definite drop in oxygen saturation of the uterine vein blood with a less marked 
depression of fetal oxygen saturation. At the same time there is a questionable 
short lived slowing of the heart. 

Figures 4 and 5 illustrate the strongest uterine contractions observed. These 
produced a sharp fall of oxygen saturation in the uterine vein and a similar 
drop in the fetal umbilical vein. The fetal heart slowed dramatically and re- 
covered as the oxygen content rose following the uterine spasm. 

It will be seen that the changes produced due to pitocin injection are not 
maintained even although the uterine tone remains elevated. They are present 
only when the uterus is kept in constant contraction without intermittent 
relaxation. Once the organ begins to contract rhythmically, even though the 
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tone is elevated, the oxygen content tends to recover. As might be expected, 
changes in fetal oxygen saturation follow closely the changes in oxygen satura- 
tion of the uterine vein blood. 

From these observations it is postulated that during a strong uterine con- 
traction the maternal circulation to the placenta is interfered with to the point 
of producing a sudden drop in the oxygen saturation of blood in the maternal 
portion of the placenta. Secondary to this there is a fall in oxygen saturation 
of fetal blood leaving the placenta, and the production of fetal bradycardia due 
to the immediate stimulation of the vagal mechanism by hypoxia. 


(b) Uterine contractions and uterine vein oxygen saturation 


The correlation between the strength of the uterine contraction as measured 
by increase in amniotic pressure, and the decrease in oxygen saturation in the 
uterine vein is illustrated in Figure 6. Observe that the stronger the contraction 
of the uterus, the greater is the fall in oxygen saturation. Moreover, even with 
the limited number of observations available, the points describe almost a 
straight line, indicating a direct relationship. 

(c) Fetal heart rate and fetal oxygen saturation 


Barcroft has reported pulse rates of the fetal lamb im utero (3). For animals 
of the gestational age of this series, normal rates are seen to be in the range of 
140 beats per minute and above. In Figure 7, all fetal oxygen saturations are 
plotted against fetal heart rates recorded at the time the samples were ob- 
tained. Bradycardia, (defined here as rates below 140 beats per minute) is seen 
to occur only when the fetus exhibits a low oxygen saturation. However, this 
is not a straight line relationship. Note that when the fetal oxygen saturation 
falls below 10 per cent, all heart rates but one are recorded below 140. Above 
this level, no heart rate is recorded below 140, and from this point upward 
heart rates rise into the normal range. The relationship can be illustrated by 
a curve, with the critical level of fetal oxygen saturation for the production 
of bradycardia being in the neighborhood of 10 per cent. This would represent 
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an actual oxygen content of only 1.7 volumes per cent. From this data it would 
seem that bradycardia appears only when there has been a serious depletion 
of oxygen to the fetus. It is an unmistakable sign of profound hypoxia. 


(d) Oxygen saturation of the uterine and umbilical veins 

Finally, the relationship between corresponding oxygen estimations in the 
maternal uterine and fetal circulation are examined in Figure 8. It will be 
observed that when the uterine vein oxygen saturation drops below 20 per cent, 
only one fetal estimation is above the critical level of 10 per cent saturation. 
With a uterine vein saturation above 40 per cent, no fetal reading reaches this 
critical level. Between these, however, the fetal levels vary over a wide range. 
This may suggest that the oxygen saturation in the maternal portion of the 
placenta, although a major factor, may not be the sole regulator of fetal oxygen 
saturation. Alterations of circulation through the fetal portion of the placenta 
during uterine contractions may be significant in producing changes in fetal 
oxygenation. 

SUMMARY 


(1) In five pregnant ewes, changes in oxygen saturation and heart rate of the 
fetus im utero have been observed. 

(2) During strong uterine contractions, a decrease in fetal oxygen saturation 
is noted to follow a similar decrease in the oxygen saturation of blood in the 
uterine vein. 

(3) Bradycardia is a sign of profound fetal hypoxia. Only after the fetal 
oxygen saturation falls to the level of 10 per cent is serious heart slowing en- 
countered. 

(4) There is a direct relationship between the strength of uterine contractions 
and the corresponding decrease in oxygen saturation of blood in the uterine 
vein. 

(5) The clinical suspicion that fetal bradycardia duriug uterine contractions 
is due to impaired placental circulation with resultant fetal hypoxia is sup- 
ported. 
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Anatomy for Surgeons, Vol. 2. By W. Henry Hoxtinsweap. 934 pp., $20.00. Paul B. 
Hoeber, Inc., New York, N. Y. 

The second of a three volume set, this book upholds all the excellent standards established 
by the first volume. Comprehensively covering the torso, it provides the specific anatomic 
information required by surgeons in well-presented, concise, readable form. The title of the 
text is admirably chosen and this orientation is admirably maintained. The illustrations are 
excellent. 

Useful for student, house-officer and surgeon, this volume and its companion are excellent 
additions to the present group of surgical-anatomical texts. They can be most highly recom- 
mended. 

James R. CANTRELL 


Surgery of the Hand, 3rd edition. By Srertivc BuNNELL. 1079 pp., $22.50. J. B. Lippincott 
Co., Philadelphia, Pa. 

Surgery of the hand is at once one of the narrowest of the surgical specialties and involv- 
ing the traditional interests of the general surgeon, plastic surgeon, orthopedist, neurosur- 
geon and vascular surgeon, is one of the most varied. The intricacies of the anatomy and 
function of the hand require a precision of knowledge and a delicacy and accuracy of tech- 
nique nowhere surpassed in surgery, and nowhere more subject to critical appraisal and eval- 
uation of results by layman and physician alike. None has played a larger role in the develop- 
ment of hand surgery than Dr. Bunnell, and since the appearance of his first edition at the 
close of the second World War it has been the classic on the subject. It is a large book, 
now 1079 pages in this third edition. There were 734 pages in the first. There are sections 
on the anatomy and on the comparative anatomy of the hand, as well as sections on every 
phase of disease and injury affecting the hand. The revision in this third edition has been 
thorough. Little of the book has been rewritten, but sentences and paragraphs in every 
section have been altered and rewritten, often to make more explicit the wording of the 
previous edition, often to reflect Dr. Bunnell’s changing views. The revision obviously has 
been made with the aim of accurately reflecting Dr. Bunnell’s present practice in a rapidly 
growing specialty. More pruning in the revision would help to keep the size of the book 
within more manageable limits. Thus for Dupuytren’s contracture Bunnell has given up 
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his previously employed L-shaped incision and uses a transverse incision along the distal 
palmar crease. The old text is left pretty much intact, new text is added, and a number of 
new before and after illustrations are added without deleting the old ones. In any case, the 
scars themselves are scarcely visible in either set of illustrations and two or three would 
suffice to illustrate the relief of deformity. 

The section on infections of the hand is still heavily indebted for illustrations to Hart’s 
excellent thirty year old article in Lewis’ System of Surgery. It is hard to believe that infec- 
tions so rare that Dr. Bunnell has still not seen them deserve space in this book. The entire 
section on antibiotics belongs in a text-book of medicine rather than a monograph on surgery 
of the hand. 

One of the great assets of this exceedingly complete and magnificently illustrated volume 
is the care with which, in most sections, the historical development of the subject is dis- 
cussed and the methods of others described. In a field to which he has contributed so much, 
Dr. Bunnell might be forgiven had he limited himself to a description of his own techniques 
and experiences. 

Perhaps the richest parts of the book are those which deal in easy conversational style 
with the attitudes of a surgeon, the principles of gentle surgery, and of dressings, splints 
and after care. As one would expect, good sound advice on this score is to be found in many 
of the chapters. Any young surgeon would do well to read this volume for the influence it 
would exert on him in his surgical technique, and respect for tissues and their function. 
Perhaps the greatest improvement in this edition is the increase in the length of the index, 
from 9 pages to 30 pages. Dr. Bunnell does not readily adapt his style to text-book or mono- 
graph requirements. Despite the improvement in the index, and it could bear more, (terms 
used in the text are absent from the index, trigger finger is treated quite similarly in two 
separate sections of the book, but only one is indexed) this is not an easy book to use when 
in search of the answer to a specific question. Dr. Bunnell has a vast experience and he 
discourses upon it. His illustrations are numerous, clear and detailed. However, the casual, 
conversational style frequently appears to take for granted facets of a problem which may 
well be the very ones on which illumination is sought. It is obvious Dr. Bunnell was not 
preparing a guide for the “cook-book” surgeon, yet one can not escape a conviction that 
this splendid book could be made vastly more useful to all those interested in the surgery 
of the hand, if its organization were made more systematic and logical, some of its bulk 
eliminated and the revision of the index, thus made more feasible, carned to completion. 

Mark M. RavitcH 


Neuropharmacology. Transactions of the Second Conference May 25, 26 and 27, 1955. 
Edited by Harotp A. ABramson. 328 pages. $4.25. The Josiah Macy, Jr. Foundation, 
New York, N. Y. 

This typical Macy conference consists of the unrestrained discussion provoked by the 
presentation of certain aspects of their research by five participants. Cerletti reviews phar- 
macological studies on lysergic acid diethylamide (LSD) and related compounds. Of par- 
ticular interest here are the experiments concerned with the serotonin-blocking activity of 
LSD and brom-LSD. Sherwood presents his observations on the behavior of cats and psy- 
chotic patients after the intraventricular administration of various drugs. Osmond describes 
his search for drugs which produce psychological changes resembling schizophrenia. The 
effects of adrenochrome, adrenolutin and ololiuqui seeds on himself and his associates are 
reported in some detail. Rinkel reviews his experiences with LSD in normal subjects and 
in one patient with a bilateral prefrontal lobotomy. Considerable space is given to a series 
of sketches made by the artist Hyman Bloom while under the influence of LSD. Abramson 
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discusses the rapid development of tolerance to repeated doses of LSD. He attempts to 
explain the tolerance in terms of a hypothetical substance formed im vivo from the LSD 
which neutralizes LSD. He proposes that schizophrenia is caused by an imbalance between 
some normal metabolite and a tolerance factor derived from the metabolite. It is surprising 
that these speculations were not criticized more sternly by the other participants, because 
there appears to be no satisfactory evidence to support them. 

This conference is oriented much more toward psychiatry than was the first one. Perhaps 
more than anything else it emphasizes that efforts to understand cerebral function and 
mental disease necessitate experimental work on human subjects and a closer relationship 
between psychiatrists and laboratory workers. Future conferences in this field should be 
encouraged. However, the disparateness of the papers and the rambling nature of the 
discussion make it questionable whether this present volume will be of value to many 
readers. 


E. W. MayNnert 


The Recovery Room. Immediate Postoperative Management. By Max S. SADOVE AND 
James H. Cross. 597 pp., $12.00. W. B. Saunders Co., Philadelphia, Pa. 

This is a topical book, produced presumably because of the current interest in recovery 
rooms and special or intensive treatment areas. There appears to be very little justification 
in its contents for its compilation. The bulk of the book consists of chapters by recognized 
authorities in the surgical specialties, on post-operative care in their fields. There is astonish- 
ingly little on the subject of the recovery rooms; how to calculate capacity, whether to 
accept patients for limited periods or not and on what bases, the reasons for decision as to 
where professional medical and nursing responsibility is to be placed, etc. The Ochsner 
clinic, some years ago, published a brief article on the whys and wherefores of recovery rooms, 
and the Public Health Service has another dealing largely with construction. Such sources 
will more satisfactorily answer questions concerning recovery rooms. While the sections on 
postoperative care in the various specialties are good, there is inevitably a great deal of 
repetition, since each collaborator was writing a chapter which would stand by itself. There 
are limits to the advantages of multiple author books. 

Mark M. RavitcH 


Clinical Orthopaedics No. 7. Edited by ANrnony F. DePatma. 354 pp., $7.50. J. B. Lippin- 
cott Co., Philadelphia, Pa. 

Anthony F. DePalma is the Editor-in-Chief of this series, and he is assisted by more 
than two dozen outstanding orthopaedists. There are three sections to Volume Number 
Seven. 

Section I—Tumors of the Bone: This is a clear and concise adjunct to the diagnosis and 
treatment of reasonably common tumors in the skeletal system. Each of the fifteen chapters 
has different authors who are either authorities in this field or who have had more than 
the usual experience. There is a short synopsis in interlingua at the end of each chapter; 
and there are valuable photographs of x-rays, gross and microscopic specimens. 

Section II—General Orthopaedics: This is a short, hodge-podge of unrelated orthopaedic 
subjects, and one wonders why it was published. 

Section [1I—Motorist Injuries and Motorist Safety: A timely subject has been presented 
interestingly, and this section ranks in value with Section I. 

In brief, by virtue of Sections I and III, this book could be a useful addition to an ortho- 
paedic library. 


W. RicHarp Fercuson 
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The Mentally Retarded Patient. By Haro_p Micuat-Smirn. 203 pp., $4.00. J. B. Lippincott 
Co., Philadelphia, Pa. 

The medical profession has at last become aware of the importance of the etiological, 
diagnostic, educational, and sociologica] problems of intellectually inadequate children and 
adults. The issues connected with mental retardation are still receiving little attention in the 
teaching of students in our medical centers. In the past few years, the parents of retarded 
children have organized the National Association for Retarded Children and are exercising a 
powerful influence for the betterment of treatment facilities and the advancement of scien- 
tific research. Parents are now critical of physicians not sufficiently equipped to guide them. 
A number of books have been published recently, some of which are addressed to parents 
directly, while others try to familiarize physicians with the manifold aspects of the problem. 
Dr. Michal-Smith’s book is in the latter category. A chapter by Dr. Lawrence B. Slobody on 
classification is especially helpful. The other chapters deal with the role of the physician, 
brain impairment and learning, attitudes toward prevention and etiology, psychological 
implications, family involvements, education, and vocational prognosis. A bibliography is 
appended, also a useful list of residential schools caring for the mentally retarded. This is by 
no means a text-book but a readable guide to good, non-traumatic counseling of parents on 
the part of physicians. 

Leo KANNER 


Lung Function in Coalworkers’ Pneumoconiosis. Medical Research Council Special Report 
Series No. 290. By J. C. Gitson anp P. Hucu-Jones. 266 pp., $3.78. Her Majesty’s 
Stationery Office, London, England. 

A disabling pneumoconiosis which occurs in middle aged and elderly coal miners differs 
from classical silicosis in certain of its clinical, radiological and pathological characteristics. 
For a number of years this disorder has been the subject of intensive study by the able 
group of investigators at the Pneumoconiosis Research Unit in South Wales. This mono- 
graph is an exhaustive account of certain of their investigations. There is an extensive review 
of the world literature, detailed description of the experimental design and methods, exten- 
sive treatment of the basic theory of certain of the procedures used, complete description of 
the clinical findings and an elegant statistical analysis of the results. 

Their findings demonstrate the relatively benign nature of the uncomplicated disease, the 
disabling nature of the complicated disease, and the relationship between the degree of 
disability and the degree of impairment of pulmonary ventilatory capacity. 

Aside from its obvious value to physicians interested in pneumoconiosis, this report is a 
rich source of reference material to those interested in pulmonary physiology. Methods are 
described in detail in the body of the report and an appendix contains probably the most 
detailed treatment now in print of the theory of intrapulmonary mixing of gases. 

RicHarD H. SHEPARD 


Adrenal Cortex. Transactions of the Fifth Conference, November 4, 5 and 6, 1953. Edited 
by Exaine P. Ratu. 187 pp., $3.75. The Josiah Macy, Jr. Foundation Publications, 
New York, N. Y. 

This small volume records the proceedings of the fifth and final conference on some bio- 
chemical and physiologic considerations of the adrenal cortex. The usual group of out- 
standing authorities, including both basic science and clinical investigators, has been as- 
sembled. 

Three brief prepared papers are presented. H. L. Mason contributes his studies on the 
isolation and crystallization of the salt and water factor of the adrenal cortex (the factor 
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now known as aldosterone). A detailed review of adrenal steroid metabolism is presented by 
Ralph Dorfman, including a consideration of the biochemical differentiation between the 
various states of adrenocortical hyperactivity. The final paper by Frank G. Young presents 
some investigations on the problem of ACTH purification. 

As in previous conferences, most of the volume is devoted to a verbatim reproduction of a 
lengthy but usually thought-provoking discussion of each paper. As frequently occurs in 
such informal discussions, the participants often wander from the main subject theme, 
making it difficult for the reader to follow at times. Enhancing this issue is a cumulative 
index of the five conferences presented by this group (1949-1953). 

This volume should appeal particularly to the biochemist, physiologist and clinical 
investigator interested in adrenal function and steroid metabolism. 

Txomas B. Connor 


Intracranial Gliomata. By JoHN PENMAN AND Marion C. Situ. Medical Research Council 
Special Report Series No. 284. 70 pp., $1.25. Her Majesty’s Stationery Office, London, 
England. 

This monograph of seventy pages is a statistical study of the principal clinical features, 
radiological signs and response to surgery and radio therapy of intracranial gliomata. This is a 
particularly valuable monograph because of the large number—298—of gliomata cases re- 
viewed. It is a valid appraisal in view of the authors following carefully the histories of the 
patients, beginning prior to 1937. Although the series embraces only the ten-year period 
1937-1947, much of the observation extends beyond these dates. This allows for the so 
necessary long follow-up in any critical analysis. 

The authors meticulously take into account the possible variables which might influence 
the rate of growth and treatment, i.e.; the location of tumor as regards hemisphere and lobes 
involved. The characteristics of patients as regards sex, age and length of symptom, and 
relation of onset—admission interval is carefully analyzed. The authors are to be congratu- 
lated on their careful review of the literature as related and compared to the analysis of 
their own cases. 

The summary and conclusion are concisely expressed. The monograph contains fifty-six 
lucid tables. Each table methodically interweaves the comparative facts which have been 
analyzed. 

The reviewer strongly recommends this exhaustive study of this desperate illness in the 
field of neurology and neurosurgery. 

Grorce W. SMITH 
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pharmaceutical specialties to meet the 
needs of expanding medical practice 


a ® hydrochloride (methyi-phenidylacetate hydrochloride CIBA) 
Rila in is a new, mild cortical stimulant that smoothly lifts the 
patient out of fatigue and depression, virtually without 
letdown or jitters. Ritalin serves as an antidote for depression, psychogenic 
fatigue and lethargy due to tranquilizing agents or other drugs. AVERAGE 
DOSAGE: 10 mg. b.i.d. or t.i.d., adjusted to the individual. SUPPLIED: Tablets, 
5 mg. (yellow), 10 mg. (light blue) and 20 mg. (peach-colored). 


(tripelennamine hydrochloride and methyl-phenidylacetate hydrochloride CIBA) 
imas it combines an antihistamine with a new mild cor- 
tical stimulant — Ritalin — to boost patients’ 


spirits while relieving their primary allergic symptoms. DOSAGE: 1 or 2 
tablets every 4 to 6 hours if necessary. SUPPLIED: Tablets (light blue, 
coated), each containing 25 mg. Pyribenzamine® hydrochloride (tripelen- 
namine hydrochloride CIBA) and 5 mg. Ritalin® hydrochloride. 


chieride (chiorisondamine chloride CIBA) 
' is a new ganglionic blocking agent, effective against 
moderate to severe refractory, even malignant, hyper- 


tension. Ecolid reduces blood pressure promptly, more consistently and more 

predictably than other ganglionic blockers. Two oral doses a day usually 

suffice. DOSAGE: Write for booklet entitled ““Ecolid— A New Ganglionic 

rere for Hypertension.” SUPPLIED: Tablets, 25 mg. (ivory) and 50 mg. 
pink). 


T. M. 
(reserpine and methyl-phenidylacetate hydrochloride CIBA) 
erpa | i provides stabilizing therapy for the emo- 
tionally insecure patient whose “up-and- 
down” moods range from anxiety to depression. Serpatilin combines the 
tranquilizing effects of Serpasil with the mildly stimulating effect of new 
Ritalin. DOSAGE: 1 tablet b.i.d. or t.i.d. SUPPLIED: Tablets, 0.1 mg./10 mg., 
each containing 0.1 mg. Serpasil® (reserpine CIBA) and 10 mg. Ritalin® 
hydrochloride. 


Viotorm-Hydrocortisone Cream the bactericidal 


and fungicidal properties 

of Vioform® (iodochlorhydroxyquin U.S.P. CIBA) with the anti-inflam- 

matory and antipruritic actions of hydrocortisone for broader control of 

acute or chronic skin conditions. DOSAGE: Apply 3 to 4 times daily. SUPPLIED: 

Cream, containing iodochlorhydroxyquin U.S.P. 3% and hydrocortisone 

o— alcohol) U.S.P. 1% in a water-washable base; tubes of 5 Gm. and 
m. 


CIBA 


SUMMIT, N.J. 
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More than six years ago, Upjohn 
research endocrinologists, chem- 
ists, and physicists designed and 
built an automatic chromatograph- 
i¢ fraction cutter, known more fa- 
niliarly as the “mechanical chem- 
ist.” This machine was built to do 
both qualitative and quantitative 
aalysis of steroids, recording the 
results electronically on a graph. 


The first mechanical chemist did 
its work well. Utilizing the basic 
principle of chromatography, and a 
photo-electric cell, it was able to 
analyze a series of solvents for 
steroid content by first passing the 


Even a “mechanical chemist” can be improved 


solvents through a chromatograph- 
ic column containing the unknown. 


Today, the original mechanical 
chemist has been outdated by a new 
model. Improvements are in the 
method of fraction cutting—collec- 
tion tubes have an eight times 
greater capacity, the inclusion of a 
fraction cutting timer in addition 
to a volume cut-off, and the use of 
a device that records absorbance as 
a function of flow of liquid out of a 
column. 


Even a mechanical chemist can be 
improved, but it takes human tech- 
nical know-how to do it. 
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antibiotic therapy, 
particularly for 
the 90% of patients 
treated at home 
and in the office 


Superior control of infectious dis- 
eases through superior control of 
the changing microbial population 
is now available in a new formu- 
lation of tetracycline, outstanding 
broad-spectrum antibiotic, with 
oleandomycin, Pfizer-discovered 
new antimicrobial agent which 
controls resistant strains. The syn- 
ergistic combination now brings to 
antibiotic therapy: (1) a new fuller 
antimicrobial spectrum which in- 
cludes even “resistant” staphylo- 
cocci; (2) new superior protection 
against emergence of new resist- 
ant strains; (3) new superior safety 
and toleration. 
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corticosteroid 
therapy...permits 
treatment more 
patients 


(PREDNISONE) 


rarely causes edema or electrolyte side actions 


e upto 5 times more effective than hydrocortisone, milligram 
for milligram 


better relief of pain, swelling, tenderness; diminished joint 
stiffness —in rheumatoid arthritis 


excellent relief of bronchospasm, dyspnea, cough; increased 
vital capacity in asthma 


hormone benefits in respiratory allergies, inflammatory and 
allergic eye and skin disorders, collagen diseases 


METICORTEN is available as 1 mg., 2.5 mg. and 5 mg. tablets 


METICORTEN,* brand of prednisone, 
*T.M. 


MC-J-17-356 
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METICORTEN 
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Anew outstanding therapeutic agent discovered 
and developed by Pfizer scientists to meet the 
problem of resistant staphylococci and to con- 
trol superinfection with these strains. 
Matromycin has been shown to be outstandingly 
effective against antibiotic-resistant fresh clini- 
cal isolates of M. pyogenes.’ Marked suscepti- 
bility of most erythromycin-resistant strains of 
staphylococci, particularly fresh clinical iso- 
lates, indicates no predictable cross-resistance 
with erythromycin. This is also true for tetra- 
cyeline, oxytetracycline, chlortetracycline, 
penicillin and streptomycin.’ Effectiveness of 
Matromycin against antibiotic-resistant strains 
is complemented by the fact that resistance to 
Matromycin itself does not readily occur.’ 
Clinical trials reveal Matromycin to be both 
eflective and well tolerated when employed 
against infections due to susceptible organisms.” 
Capsules, 250 mg.; bottles of 16. 


1. Noyes, H. E.; Nagle, S. C., Jr.; Sanford, J. P., and 
Robbins, M. L.: Antibiotics & Chemother. 6:450 (July) 
1956. 2. Ross, S.: Antibiotics Annual 1955-1956, New 
York, Medical Encyclopedia, Inc., 1956, p. 600. 
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prevents postpartum hemorrhage | 


speeds uterine involution — 


(ERGONOVINE MALEATE, LILLY) 


. . . produces rapid and sustained contraction of the postpartum uterus 


‘Ergotrate Maleate’ almost completely eliminates the in- 
cidence of postpartum hemorrhage due to uterine atony. 
Administered during the puerperium, ‘Ergotrate Maleate’ 
increases the rate, extent, and regularity of uterine invo- 
lution; decreases the amount and sanguineous character 
of the lochia; and decreases puerperal morbidity due to 
Supplied: uterine infection. 
Ampoules of DOSAGE: Generally, 0.2 to 0.4 mg. I.V. or I.M. immediately follow- 


0.2 mg. in 1 ce. ing delivery of placenta. Thereafter, 0.2 to 0.4 mg. three or four 
Tablets of 0.2 mg. times daily for two weeks. 


SC ANNIVERSARY 1876 + 1956 / ELI LILLY AND COMPANY 
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rauma Needles ) 
with sutures attached 


From the smallest... 


a Complete line 


Do you require a needle 
especially designed for 

a new technique? 
Because stainless steel MTN are manufactured in 
Deknatel’s own plant, our Research Staff can make 
any needle to your specifications on their complete 
line of sutures. 


JA. Dehnatel & Son, Inc. 
29, N.Y. 


to the largest... 


For Daytime Tranquillity 
non-barbiturate sedative 
® Quick acting 
e Rapidly eliminated 
e Free from side effects 


Dose: 1 BROMURAL tablet several times a day. 


Try 1 Bromural tablet with an aspirin for quicker relief of neuralgic pain and 
headache, discomfort and the aches of simple colds — better than aspirin alone. 


Each BROMURAL tablet bears the mark €B of the originator. 


Bromural, brand of Bromisovalum, a product of E. Bilhuber, Inc. 


BILHUBER-KNOLL CORP. distributor 
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The Aluminum Hydroxide in this product s<ts 
as an effective antacid and absorbent in the 


alization of excess stomach acid 


Indicated in treatment of gastric hyperaciti'y 


AVERAGE DOSE-One or two 
te be taken & or 6 times daily betweer 


MAGNESIUM PHOSPHATE TRIBASIC 
ABSORBENT 


RALPH WINTON Pharmacie Chemin 2 


| 10 BULLEIIN OF THE JOHNS HOPKINS HOSPITAL 
Unexcelled for the Weatment and management of 
PEPTIC ULCER and GASTRIC HYPERACIDITY |} 
lets, 
Magnesium Phosphate. . 4 
| TABLETS 4 
RALPH WINTON CO. | 
Indicated for the reliet of oan ol 
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The Berbecker 


Needle 


\l THE BERBECKER Spring Eye may be threaded at 

\\\ any point on the suture merely by forcing the 
suture through the slot into place. It is then held 
as securely as though in a solid eye. 


This eye permits use of black silk or other non- Be 
absorbable sutures, as used in the Halsted % 
technique, for stomach and other abdominal oan 
operations, where tension on the wound is exces- 
sive. One of many dependable Berbecker needles 
obtainable regularly at your surgical supply dealer. 


JULIUS BERBECKER €, SONS, INC# 
15 EAST 26th STREET » NEW YORK 10, NY. 


NEEDLES 


Made in England for the Surgeons and Hospitals, of America 


You trust 
its 
quality 
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Medicine in the Time of Tiberius and Hadrian: 
SORANUS’ 


YNECOLOGY ..... Translated with an 


Introduction by OW SEI TEMKIN 
with the assistance of NICHOLSON J. EASTMAN, 


LUDWIG EDELSTEIN, and ALAN F. GUTTMACHER 


ORANUS, who practiced medicine in the early second cen- 


tury A.D., was one of the most learned and lucid medical writers 
of antiquity. Of his works which have been preserved in Greek, 
the Gynecology is the most important and revealing of his thought, 
representing ancient gynecology and obstetrics at their height. Indeed, 
many of Soranus’ theories and techniques were part of medical practice 
as late as the sixteenth century. 

Soranus is of added interest because he is regarded as the out- 
standing representative of a school of ancicnt medicine known as the 
“methodist” sect. The methodists rivaled the older dogmatic and 
empirical sects, rejecting both etiological research and mere experience 
and concentrating instead on a study of the phenomena of diseases 
themselves. 

This translation, which is the first into English, was made from 
the most authoritative Greek text. It brings to the modern reader 
rich and fascinating insights into ancient medicine. The Introduction 
gives the background necessary to place the work in its proper historical 
and scientific perspective. 


308 pages The Johns Hopkins Press 
$5.00 BALTIMORE 18, MARYLAND 


(In writing advertisers, please mention the Bulletin.) 


| | 
| 
| 
| 
| 
| 
a 
| 
| Res 
. 
| 
} 


new 100 mg. capsule 


for greater convenience and dosage flexibility 


Colace 


DIOCTYL SODIUM SULFOSUCCINATE, MEAD JOHNSON® 


softens stools for easy passage 


without laxative action - without adding bulk 


In chronic constipation and in patients with hemor- 
rhoids, Colace provides a safe and gentle way to 
prevent hard stools. 


By reducing surface tension, Colace increases the 

wetting efficiency of intestinal water. This keeps 

stools normally soft and softens hardened stools for | 
easy, natural passage. 


SUGGESTED ORAL DAILY DOSAGE? 


Oto 3years....i10to 40mg. 
3to 6Gyears....20to 60mg. 
6to 12 years... .40to 120 mg. 
RE 50 to 200 mg. 


+Colace may be given in divided doses. The higher 
dosage is recommended during initial phase of 
therapy. Dosage should be adjusted as required by 
individual response. 
Note: When bowel motility is impaired, a mild peri- 
staltic stimulant or Colace-containing enemas may 
be needed in addition to Colace by mouth. 


THE COLACE FAMILY 
Colace Capsules 100 mg., bottles of 30, 60 and 250. 
Colace Capsules 50 mg., bottles of 30, 60 and 250. 
Colace Liquid (1% Solution: 1 cc.=10 mg.), 30 cc. 
bottles with calibrated dropper. 
100 mg. 50 mg. Liquid ©Patents pending 
Red & White Red 


MEAD JOHNSON 


SYMBOL OF SERVICE IN MEDICINE 
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